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SUMiVIARY 
Grasses and legumes can contribute to an efficient agriculture 
in two ways: First, they contribute indirectly to income by in-
creasing or maintaining yields of other crops over time; second, 
they have a direct value as a feed in the production of livestock. 
Farmers generally are aware of the importance of forage as an 
integral part of the farm organization on many soils. Although 
they recognize the need for growing more forage, many farmers 
have problems of utilization. 
Three basic sets of relationships determine the forage utili-
zation system which is most profitable for an individual farmer 
or economically most desirable from the standpoint of society. 
These relationships are: (1) the rate at which forage substi-
tutcs for other feeds in the livestock ration and the rate at which 
forage substitutes for grain in the crop rotation, (2) capital and 
labor requirements, and (3) risk and uncertainty. 
ROTA TION RELATIONSHIPS 
Forage may be either complementary or competitive with 
grain in crop production. It is complementary if an increased 
acreage of forage causes total grain production to increase from 
a given area. His competitive if a greater acreage and production 
of forage is achieved at the expense of a decrease in total grain 
production. With only a small amount of forage in the rotation 
the data examined show a complementary relationshil) between 
forage and grain on some soils. As the proportion of forage is 
increased, eventually the relationship becomes competitive. The 
profitableness of increasing forage production into the compe-
titive relationship is dependent on the value of the increased 
forage relative to the grain which it replaces. On livestock farms 
the value of forage is influenced by its value as a livestock feed. 
Thus the relationships of grain to forage in the crop rotation 
and in the livestock ration together determine the most profit-
able grain-forage combination. The optimum combination from 
the standpoint of obtaining the greatest output of livestock 
product from a given area of land is achieved where a small 
increase in forage is worth as much in producing a livestock 
product as the grain which is sacrificed to get that increase in 
forage. 
FEED SUBSTITUTION IN LIVESTOCK RA'TIONS 
It is apparent that the determination of the optimum grain-
forage combination is dependent on a knowledge of the rates 
at which forages substitute for grain in feeding livestock. Data 
from a large number of experiments were examined in order to 
establish some of these substitution rates. Feed substitution rates 
were estimated for dairy cows, feeder cattle, hogs and sheep. 
Forage was found to substitute at a diminishing rate for each 
of these kinds of livestock. That is, as the amount of forage in 
the ration was increased each additional unit of forage replaced 
a smaller and smaller amount of grain in producing a fixed 
amount of livestock product. 
For example, it was found that in producing 8,500 pounds 
of 4 perccnt fat-corrected milk per cow 1 pound of hay replaced 
1.25 pounds of grain when the ration consisted of 5,500 pounds 
of hay and 5,459 pounds of grain. But a pound of hay replaced 
only .26 pound of grain in the production of the same quantity 
of milk when the ration contained 11,000 pounds of hay and 
2,281 pounds of grain. 
In the production of 100 pounds of pork the amount of grain 
replaced by a pound of hay varied from .511 pound for an a11-
grain ration to only .088 pound when the ration contained 59 
pounds of hay and 312 pounds of grain. 
In production of 100 pounds of choice beef on yearling steers 
it was found that 1 pound of hay replaced .367 pound of grain 
in a ration consisting of 400 pounds of hay and 953 pounds of 
grain. It replaced only .0102 pound of grain in producing the 
same quantity of choice beef with a ration containing 3,000 
pounds of hay and 463 pounds of grain. 
The feeder lamb experiment analyzed showed that 1 pound 
of hay had the same value in producing 25 pounds of choice 
lamb as .646 pound of grain when the ration consisted of 40 
pounds of hay and 131 pounds of grain. "When the ration was 
changed to 170 pounds of forage and 92 pounds of grain, 1 pound 
of hay replaced only .0625 pound of grain in producing 25 
pounds of choice lamb. 
The above estimates of substitution relationships are based 
on a limited amount of data. Considerably more experimental 
work, properly designed, is needed to determine the substitution 
rates more precisely. These estimates do, however, suggest the 
nature of feed substitution relationships and give at least an 
approximation to the substitution coefficients. But perhaps the 
main valne of the estimates and the proccdurc used in deriving 
them is in suggesting a modcl for further investigations of feed 
substitution relationships. 
CAPITAL AND LABOR REQUIREMENTS 
Because of insufficient capital or borrowing ability some 
farmers must restrict their invcstments in roughage-consuming 
livestock and, consequently, restrict their acreage of forage 
crops. In allocating thcir limited funds among alternative enter-
prises farmers are concerned with getting a high return from a 
small investment. If they invcst their capital in the enterpriscs 
which yield the highest returns, they may not have th:; kind and 
amount of livestock needcd to consume all of the complementary 
forage. In such cases it will be profitable to expand forage acre-
age only to the limit of its complcmentary relationship with 
grain. The analysis shows that hogs consistently gave higher 
returns per dollar of investment than other classes of livestock 
which have a greater capacity for consuming forage. 
For example, on the basis of 1944-48 price relationships, hogs 
fed on a relatively high forage ration returned $73 net income 
annually per $100 invested in contrast to $3.35 annual net in-
come from a similar investment in good dairy cows fed a high 
forage ration. But the size of the investment required to utilize 
a given amount of forage was much greater for hogs. On the 
basis of 1944-48 prices an initial investment of $17,868 would 
bE; required to establish a hog enterprise which would utilize 
100 tons of forage, whereas an investment of $6,642 would be 
sufficient to establish a dairy enterprise to consume that amount 
of forage. 
Labor requirements and labor distribution for alternative 
feed utilization systems are also important considerations ill 
selecting the feed utilization system for a farm. In general, feed 
combinations containing a high proportion of forage take some-
what more time to produce a given output of livestock than high 
grain rations. In some cases this results in greater labor require-
ments per unit of livestock product produced. However, labor 
requirements are not consistently higher for the high forage 
rations than for the high grain rations, and the differences in 
labor requirements for various rations fed to a particular kind 
of livestock are small in comparison with the differences between 
kinds of livestock. 
RISK AND UNCERTAINTY 
Finally, risk and uncertainty must be taken into aCC{lUnt in 
determining the most desirable feed utilization system for an 
individual farmer. Individuals differ in their reaction to risk 
and uncertainty. Farmers with adequate capital, who are in a 
position to withstand severe losses in one year and still remain 
in business to make up this loss in subsequent years, may be more 
concerned with the average returns over time. Many farmers, 
however, might be forced out of business if they were to sustain 
a heavy loss in a single year; they may prefer a feed utilization 
which offers somewhat less returns over time but presents less 
chance of heavy loss in anyone year. The risk and uncertainty 
associated with several utilization systems were mcasured in 
terms of the historical variability in income from each system 
over a 32-year period (1917-1948). The data show that there 
were essentially no differences in income variability with alter-
native grain-forage combinations fed a particular kind of live-
stock. The income variability associated with different kinds of 
livestock was, however, important. Income from feeder cattle 
fluctuated a. great deal more than the income from hogs or dairy 
cattle. Dairy cows showed the least variation in retul'1ls. 
Substitution Relationships, Resource Require .. 
ments and Income Variability in the 
Utilization of Forage Cropsl 
By EARL O. HEADY AND RUSSELL O. OLSON" 
Increased emphasis has been placed on the production of 
forage crops in the Corn Belt and other regions of the United 
States over the last two decades. The movement toward a 
greater acreage of forage was given impetus under the Agri-
cultural Conservation Payments of the 1930 's. Similarly the 
efforts of the Soil Conservation Service have encouraged a 
greater acreage of grasses and legumes as one method of erosion 
control. Extension personnel of the Land Grant Colleges have 
also emphasized the need for a greater acreage of hay and pas-
ture on many soils. Through the efforts of these various federal 
and state agencies, farmers generally have come to recognize 
the need for an increased acreage of forage on many farms. 
Florage is an integral part of the crop and farm organization 
on soils of many regions of the United States. Grasses and 
legumes can contribute to an efficient agriculture in two ways: 
First, they have an indirect value in increasing or maintaining 
crop yields over time as they furnish organic matter and nitrogen 
to the soil or as they aid in controlling erosion. Second, they 
have a direct value as a primary crop which can be used in 
producing a secondary product such as livestock. 
Although they do recognize the need for growing a greater 
forage acreage, many farmers are concerned with problems of 
utilization. Some operators restrict forage acreage because of 
capital limitations or because of the- risk or uncertainty which 
they feel is involved in roughage-consuming livestock. Others 
are unacquainted with the alternative systems of forage utili-
zation and the income to be expected from each. This study has 
been designed to get at some of these basic economic relation-
ships in forage utilization. The data which are presented on the 
following pages are of a technical nature and should prove of 
value to agricultural specialists who are concerned with advising 
individual farmers and program administrators. Too, the data 
are of methodological value in the sense that they suggest alter-
1 Project 1085, Iowa Agricultural Experiment Station. 
2 The authors wish to acknowledge the initial contribution made to this 
study by Carl Allen and the helpful suggestions of C. "\v. Cl'ickman, Ross 
Baumann and ~arald Jensen. 
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native methods of empirical analysis. Solution of forage pro-
duction and utilization problems can be made only as additional 
data are available in the forms suggested. 
RELA'l'IONSHIPS IN FEED UTILIZATION 
Three basic sets of relationships are important in determining 
the forage utilization system which is most profitable from the 
standpoint of an individual farmer or economically most desir-
able from the standpoint of the consuming society. One of these 
relationships deals with the rate at which forage substitutes for 
other feeds in the livestock ration. Not only does the best utili-
zation system depend on the rates of feed substitution, but also 
the problem of the optimum quantity of forage to be produced 
can be determined only as rotation substitution rates are related 
to livestock ration relationships. 
A second relationship is that of capital and labor require-
ments. Since many farms are severely limited in funds, the 
best utilization system may be one which allows some profit but 
does not require a large capital outlay. 
A third important relationship is that of risk or uncertainty. 
Livestock systems differ greatly in variability of returns. Cer-
tain types of livestock and livestock-producing systems return 
high profits in some years and large losses in other years. Still 
other producing systems result in incomes whieh fluctuate much 
less between years. 'l'hus farmers who are not in a position to 
stand great risks may wish to select a utilization system which 
is relatively stable from year to year even if it does not give 
the greatest average retunl over a long time period. 
In contrast, farmers with ample capital and a safe equity 
position may be able to adopt the utilization system which in-
volves greater variability but averages a greater return over 
time, and, although losses may occur in some years, their capital 
position allows them to continue operation!': into the years when 
profits from the particular system are great. 
Few data have been available previously on feed substitution 
relationships, resource requirements (including capital and 
labor) and the degree of risk or uncertainty which relate to 
different feed utilization systems. The following analysis includes 
statistics which have been derived as estimates of these major 
consideratio.ns in livestock production. Other economic aspects 
are also included. The data which serve as a basis for these 
statistics are drawn from physical experiments, economic studies 
and annual price statistics. 
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RELATIONSHIP OF CROP ENTERPRISES AND FORAGE 
UTILIZATION 
Forage crops may bear either one of two relationship~ with 
grain crops. First, forages may be complementary with grain.3 
They are complementary if an increased acreage of forage causes 
total grain production to increase from a given land area. 
Second, forages may be competitive with grain crops. They are 
competitive if' a greater acreage and production of forages is 
possible only as grain production is sacrified on a given land 
area. These two relationships are illustrated in the data of 
table 1 which arc based on rotation experiments. As the last 
three columns show, some acreage of forage increases the total 
production of grain on the two soil types included. However, a 
further extension of the forage acreage eventually requires a 
diminution in total grain production. Not only does forage be-
come competitive with grain, but each additional increase in 
forage output necessitates a greater sacrifice in total grain 
production. 
Profitable production of more forages does not depend upon 
the manner of their utilization if the grasses and legumes are 
TABLE 1. COMPLEl\1ENTARY AND COMPETITIVE RELA1'IONSHIPR IN 
FORAGE PRODUCTION FOR TWO SOIL TYPES. 
DATA FOR 100 ACRES OF LAND. 
Acrcs of land 
Potmds of grain 
Total production (lb •. ) sacrificed for 
Rotation- out of 100 in each Eound of 
I !JJ;;;- hay a ded over Grain Hay Grain previous rotation 
Wooster "nd Canfield silt 10amB, Wooster, Ohio, l!l37-1943 b 
C 
C-C-C-W-A 
C-W-A 
C-C-W-A-A 
C-W-A-A 
C 
C-C-O-Cl 
C-O-Cl 
100 
1 
0 217,840 --
80 20 229,776 128,800 
67 33 215,480 203,200 
60 40 190,672 316,000 
50 I 50 165,928 363,000 
Clarion-Webster silt loam, Ames, Iowa, 1945-H14.~' 
100 0 1180,320 1 --75 25 217,360 !lii,ooo 
67 33 152,333 132,660 
·C corn, 0 oats, W wheat, Cl clover, A "UaUa . 
Complementary 
.19 
.22 
.53 
Complementary 
.71 
• See Yoder, R. E., Result. of agronomic research on the use of lime and fertilizerB in Ohi". 
Ohio Agr. Exp. 8t8. Agron. 96 (Mimeo). l!ll5. 
'From unpubli.hed data, Dept. of Agronomy, Iowa Agr. Exp. St.~., Ames, Iowa, 19Vi-1948. 
• See Heady, Earl O. and Harald R. Jensen. The economics of crop rota-
tions and land use. Iowa Agr. Exp. Sta. Bu]. 383. 1951. 
870 
complementary with grain. As is outlined in a previous publi-
cation/ production of forages through their complementary 
range is profitable evcn if no direct return is realized from them. 
Thcy can simply be turned under as a green manure crop and 
income will be greater than if a smaller acreage of grasses or 
legumes had been produced. However, income can be increased 
even further if the complementary forages can be utilized more 
profitably. The farmer then has two sources of income from 
complementary forages: (a) that forthcoming from the nitrogen, 
organic matter or erosion control which may add to the total 
production of other crops, and (b) that forthcoming from the 
sale of the roughage-consuming livestock. 
Ii capital is so limited that investment in livestock is impos-
sible, the only alternative to the farmer is to let the comple-
mentllry forage go unused. Opportunities for utilization are 
possible over time even from very small capital investments. 
If a beginning farmer, for example, has funds enough to pur-
chase a heifer or two, he can accumulate a herd of cows from 
the forages which would otherwise go unused. While the heifers 
may not be able to consume all of the complementary forage and 
part of it may be plowed under, an increasing quantity of it 
can be utilized and capital in the form of a cow herd can be 
accumulated over time. 
The farmer less limited in capital funds has a more complex 
problem in utilizing complementary forages. He is concerned 
not so much with a minimum beginning investment but with the 
combination of livestock and utilization systems which will bring 
the greatest income or the smallest risk per dollar invested. The 
problems of production and utilization are more complex when 
competitive forages are considered. It is here that substitution 
relationships become extremely important in determining both 
(a) the best ration for a given type of livestock and (b) the 
rotation which will allow a maximum value of livestock products 
from a given quantity of land and other resources. 
SUBS'TITUTION RELATIONSHIPS 
A given quantity of livestock (100 pounds of milk, pork, 
beef, etc.) can be produced with many combinations of grains 
and forages. At one extreme, beef or milk can be produced with 
forages alone. At the other extreme, pork or poultry products 
can be produced from grain crops alone. However, grain and 
forages can be substituted for each other so that 100 pounds of 
livestock product can be produced with many combinations of 
the two feeds. The exact combination which is most profitable 
will depend upon the level and form of the substitution rates 
• OP. cit. 
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between the two feeds. Substitution may be of two general 
forms: (a) a constant marginal rate or (b) a diminishing mar-
ginal rate. 
SUBSTITUTION EXAMPLES 
Each of the two possible forms of substitution has a different 
implication in the economy of livestock rations. These impli-
cations can be best illustrated by means of two hypothetical 
examples. Example I illustrates the case of two production 
elements which substitute for each other at a constant marginal 
rate. (The term marginal is used to indicate that emphasis is 
not on the average rate of substitution over all combinations but 
rather on the manner in which each increment of one production 
clement substitutes for the other.) Here we suppose a general 
case in production where two elements, A and B, can be used 
in producing 100 units of a given product. The 100 units of 
product can be produced (columns 1 and 2) by use of (a) 
twelve units of A and none of B, (b) six units of B and none 
of A, or (c) any other combination indicated. That substitution 
is at a constant rate is now obvious (column 3). Starting from 
the first combination (including twelve units of A and none of 
B) and moving to the second combination (including ten of A 
and one of B), it is evident that one unit of B substitutes for 
two units of A. A movement to the third combination also 
results in the substitution of one unit of B for two of A. Other 
-
-
EXAMPLE I. TWO PRODUCTION ELEMENTS WHICH SUBSTITUTE 
AT CONSTANT RATES. 
Combination of s,roduction 
elements in pro ucing 100 
unita of product 
Quantity of 
element A 
Quantity of 
plcment B 
(1) (2) 
12 0 
10 1 
8 2 
II 3 
-1 4 
:? 5 
0 6 
.The A:B price ratio is 1:3. 
hThe A:B price rntio is 1 :1.33. 
'The A:B price ratio is 1:2.0. 
Suhstitution Cost of producing 100 unit. 
rste (amount with pri...,. of 
of A replared 
by one unit B ~$.1 B~$2 B=S2 
of B) B:A A =$1" A -Slo5h ·A~$l· 
(3) (4) (5) (6) 
512 $11,: $12 
1:2 
13 17 12 
1:2 
14 16 12 
1:2 
15 15 12 
1:2 
16 14 12 
1:2 
17 13 12 
1:2 
18 12 12 
--
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EXAMPLE II. TWO PRODUCTION ELEMENTS WHICH SUBSTITUTE 
AT DIMINISHING RATES. 
Combinations of elements in pro-
ducin~ 100 units of product 
Quantity of QUantity of 
element C plemont D 
(1) (2) 
21 0 
IS 1 
10 2 
6 3 
3 4 
I 5 
0 6 
-The C:D price ratio i. 1. 0:1. 9. 
'The C:D price ratio is 1.0'2.1. 
Substitution ra.tio 
(amount of C 
replaced b.v one 
unit of D) 
D:C 
(3) 
1:6 
1:5 
1:1 
1:3 
1:2 
1:1 
Cost of producing 100 units 
with prices of: 
--- .------
D=$4.90 D =$:).10 
C =$1.00- C =$1.00' 
_. 
(4) (5) 
$21.00 $21.00 
19.90 17.10 
10.80 14.20 
20.70 12.30 
22.60 11.40 
25.50 11.50 
29.40 12.60 
combinations indicate thi!;l same constant marginal rate of sub-
stitution; the level of substitution is always one of B for two 
of A. 
Diminishing rates of substitution are indicated in example 
II. While the 100 units output of commodity can be produced 
with 21 units of C and none of D, it can also be produced with 
18 of C and 1 of D. :Movcment between these two combinations 
results in the substitution of one unit of D for six units of C. 
Movement to the next combination results in the substitution 
of one unit of D for five units of C. Comparison of the sixth and 
seventh combinations indicates a substitution rate of one of D 
{Dr two of C. Thus, substitution is at a diminishing marginal 
rate; each added unit of' element D replaces a smaller quantity 
of C than previously. The level or rate of substitution changes 
with each combination of the two production elements. 
COST RE[,ATIONSIIlPS 
With substitution of two production elements at a constant 
rate,· the particular combination which will minimize the cost 
of the given output of product falls at either one of the two 
extremes. Lowest production costs are attained when all of 
one production element is used alone (except in the case to be 
mentioned later). This fact can be illustrated in example I. 
When the cost of production element B is $3 pel' unit and the 
cost of A is $1 pel' unit, the 100 units of product can be pro-
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duced at the lowest cost (column 4) when twelve of A and none 
of B are used in production. The reason why this is true is to 
be found in a comparison of price ratios and substitution ratios. 
With A at $1 and B at $3 per unit the price ratio (of A to B) 
is 1 :3. Since the substitution ratio (of B to A) is only 1 :2, 
costs can always be reduced by substituting A for B. A $2 in-
vestment in A (two units at $1 each) always replaces a $3 value 
of B (one unit at $3). 
When the price of B is $2 and the price of A is $1.50, the 
100 units of product can be produced at the lowest cost when 
B alone is used (column 4). This situation now holds true be-
cause the A:B price ratio of 1 :1.33 is less than the B:A sub-
stitution ratio of 1:2; an investment of $2 in B (one' unit at $2) 
always replaces a $3 value of A (two units at $1.50 each). 
When the price ratio (of A to B) is exactly equal to the 
substitution ratio (-of B to A), anyone of the several combi-
nations gives the same cost for the 100 units of product. The 
producer thus might be indifferent as to the combination of the 
two elements or factors which he employs. This indifference pos-
sibility exists, however, only when (a) substitution is at a con-
stant marginal rate and (b) the price ratio is inversely equal 
to the substitution ratio. 
With- substitution at a diminishing rate (example II), the 
least cost combination is less often realized by using only one 
of the production elements. Costs for a given quantity of product 
are always at a minimum when the substitution ratio is inversely 
equal to the price ratio for the two production elements. Fre-
quently it is true that the production elements do not come in 
infinitely small units, and exact equation of price ratios and 
substitution ratios is impossible. However, cven then the price 
and substitution ratios dctermine which combination of pro-
duction elements will minimize costs; one production element 
should never be substituted for another if the price ratio is 
(inversely) greater than the substitution ratio. This principle 
may be illustrated in columns 4 and 5 of example II. When the 
price of element D is $4.90 and the price of C is $1.00, the 
minimum cost of producing 100 units of product is realized with 
the third combination of production elements. The second com-
bination is more costly than the third since the substitution ratio 
(between these two combinations) is 1.0 :5.0 while the price 
ratio is only 1.0 :4.9; an investment of $5.00 in C (five units 
at $1.00 each) replaces a $4.90 value of D (one unit at $4.90). 
Similarly, the fourth combination is more costly than the third 
because the D:C substitution ration (between the combinations) 
is only 1.0 :4.0 while the C:D price ratio is 1.0 :4.9; an invest-
ment of $4.90 in D replaces only a $4.00 value of C. 
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LIVESTOCK SUBSTITUTION RATES 
The examples above apply to any form of production. The 
costs of producing automobiles, furniture, corn, livestock, or 
any other commodity depend on the manner in which produc-
tion factors (labor versus capital, for examplc) arc combined 
and on the substitution and price ratio for the materials of pro-
duction. 
Thus one of the basic relationships in the utilization of for-
age and other crops is that of substitution rates. Again it is 
possible that two feeds such as grain and forage might substi-
tute at either (a) constant or (b) diminishing rates. 
Animal scientists express doubts, however, that substitution 
is at constant rates. If this substitution relationship existed, then 
farmers could minimize the feed costs in producing livestock 
products if they fed only grain or only forage. The one of the 
two extremes which is more profitable would depend on the 
price or CDst ratios for the two feeds. 5 
The hypothesis of constant rates of substitution is incon-
sistent with the practices of livestock farmers. The majority of 
farm operators do feed a combination of grain and forage to 
beef cows, feeder cattle, dairy animals and sheep. Pcrhaps the 
greatest majority of hogs also are fed forage in some period 
from birth to marketing. Further, animal nutrition studies 
indicate that small quantities of grain fed to roughage-consuming 
livestock have a greater stimulating effect on production than 
is true as greater quantities of concentrates arc fed. The same 
possibility exists as small quantities of forage arc added to the 
ration of hogs. Finally, forage appears to substitute for grain 
at lower and lawer rates because of the limited capacity of an 
animal's stomach. 
The data of this section provide estimates of the marginal 
rates of substitution of forage and grain for four classes of live-
stock. Only as mDre information is available on substitution rates 
is it possible to determine (1) the particular grain-forage ration 
which will minimize production costs and maximize profits and 
(2) the cropping and land usc system which is economic in live-
stock-producing regions. Derivation of feed substitution rates 
is a highly complex problem. Rates of substitution may vary 
with (a) the type and quality of the grains and forages, (b) 
the inherent producing ability of the livestock, and (c) the 
general management conditions under which livestock are pro-
duced. When considered in combination these several variables 
present a multitude of situations for which substitution rates 
• In the one exceptional case where substitution ratios and price ratios 
are equal, all possible combinations of forage and grain would give thc same 
production costs. 
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might be derived. Information will perhaps never be available 
for the entire range of situations. Information has been almost 
completely lacking in the past. However, any fragment of data 
which can be provided on substitution rates may represent a 
step forward. Derivation of substitution rates for a very few 
situations may provide benchmarks from which extrapolations 
can be made. 
The substitution rates presented in the following pages were 
derived from experimental data. The authors reviewed a wide 
range of experimental data and found that only a small amount 
of existing results over the United States lend themselves to an 
analysis of forage grain substitution ratios. Very few livestock 
nutrition experiments have been designed to isolate this par-
ticular relationship; substitution relationships are often con-
founded with direct input-output relationships. However, several 
experiments have been isolated which do allow estimation or 
forage-grain substitution ratios. While these data have the defi-
nite limitations pointed out later, they do provide some insights 
on forage-grain replacement ratios. Refinement in data relating 
to feed replacements must await the design and completion of 
studies which deal directly with forage-grain substitution re-
lationships. 
The data which follow should perhaps be looked at all beneh-
marks upon which other experiments can be based. Only a few 
kinds and qualities of feeds are included. Substitution rates will 
nry depending on (a) the form of the feed (silage, pasture 
and hay) as well as its quality and (b) the type and grade of 
livestock to which it is fed. The data analyzed, like most experi-
mental findings, have necessarily been restricted to only a few 
of these situations. 
FORAGE GRAIN SUBSTITUTION IN MILK PRODUCTION 
The substitution rates in table 2 have been derived from the 
data for individual cows included in the Jensen-Woodward 
input-output study.6 Although several hundred cows were in-
cluded in the original Jensen study, they represented several 
breeds and a wide range of inherent capacities. Too, a hetero-
geneous combination of kinds and qualities of :feeds were fed 
the cows at the several experiment stations which were included 
in the study. In order to introduce greater homogeneity into the 
sample of cows, records were used only for heavy breeds (Hol-
stein and Brown Swiss), receiving comparable feeds (legume 
hay, corn silage and grain) and with an expected output capa-
• Jensen, E., T. E. Woodward, et al. Input-output relations in milk pro-
duction. U.S.D.A. Tech. BuI. 815. 1942. 
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city of 300 to 400 pounds of butterfat (when fed the standard 
Haecker ration). Also, data were used only for the Series II 
experiment. (Under this experiment, the grain ration was varied 
and: changes were allowed in forage consumption.) Only 30 cows 
met these requirements. Pasture was c·onverted to hay equivalent 
on the basis of net energy replacement value. 
The first step in estimation of forage-grain substitution rates 
involved the derivation of the milk production function. The 
production function is the regression relationship between feed 
input and milk output. In the initial steps of the investigation, 
seven different production functions or regression equations 
were employed. The regression equation acceptable not only in 
terms of production economics logic but also statistically more 
acceptable than the other production functions is of the following 
form (with Y referring to milk, Xl referring to forage and X 2 
referring to grain) : 
The following coeffieients7 were derived for the production 
function: 
Y = 3.56Xioo35 X·4000 
This regression equation or production function suggests the 
nature of the relationships between total input of the two feeds 
and total output of milk per cow. However, our interest in feed 
utilization relates to the substitution relationship between the 
two feeds when output is constant. This relationship can be 
termed the iso-product (equal product) relationship since it 
indicates the various combinations of two production elements 
which can be employed in producing a given or equal quantity 
of product. The iso-product or "feed substitution" relationship 
was derived from the production function for two levels of 
milk production. The two levels employed, 8,500 and 9,500 
pounds of 4 percent fat-corrected milk per cow, appear to be 
near the limits of reliable estimates. By setting Y (total milk 
production per cow) at these two levels, the iso-product or feed 
substitution equations were derived as follows (where X 2 refers 
to grain and Xl refers to forage) for 8,500 pounds of milk: 
1 The regression coefficients were significant at the 5 percent level of 
probability. 
877 
From this equation it is possible to derive or estimate the 
quantities of grain necessary for the specified output per cow 
when hay is fed in varying quantities. These data are providcd 
in columns 1 and 2 of' table 2. They have been provided for 
hay-feeding levels ranging between 5,000 and 11,000 pounds 
per cow. These levels fall within the range of observations 
sampled. 
As a second step in estimating substitution relationships, it 
is possible to derive the equation defining the marginal rates 
of substitution from the iso-product equations. The marginal 
rates of substitution represent the change in grain which must 
accompany each infinitclysmall change in the amount of forage 
fed (with milk per cow held constant). They thus take the form 
suggested by the derivatives and the equation shown below. 
(The symbol dX~ dXl can be read to mean the "change in X 2 
or grain for each unit change in Xl or forage.") 
dX2 .5035X2 1.25875X2 
dXt = - .4Xl-= - Xl 
1'he marginal rates of substitution of hay for grain have been 
computed in column 3 of table 2 for each of the feed combi-
nations indicated in columns 1 and 2. These figures (column 3) 
TABLE 2, FORAGE-GlUIN COMBINA1'IONS AND SUBSTl1'UTION HELATION-
SHIPS IN PRODUCING 8,500 POUNDS OF 4 PERCENT FAT-
CORRECTED MILK PER COW. 
Marginal rate of Bubsti-
Feed combinations for producing tution of hay for grain 
Pounds of hay required 8,500 pounds of milk per eow' (pounds of grain for 
which ! pound of bay to substitute for 1 
substitutes) • pound of grain 
dX, 
Lbs, of hay Lba. of grain --
X, X, dX, 
(1) (2) (3) (4) 
5,000 6,1.14 1.55 .6.'1 
5,500 5,459 1.25 .80 
6,000 4,8!J2 1.02 .97 
6,500 1 ,,12:l .86 1.17 
7,000 4,029 .72 1.38 
7,500 3,Il90 .02 1.61 
8,000 3,406 .54 1.87 
8,500 ~,15G .47 2.13 
9,000 2,937 .41 2.44 
9,500 3.744 .36 2.75 
10,000 2,572 .32 :'l.W 
10,000 2,419 .29 3.45 
11,000 2,281 .26 3.83 
-The substitution rates in column 3 refer to the exact feed combination. and are not aver-
agE"s betweell two combinations. 
"Feed requirements are on an annual basis. 
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refer to the rates of substitution at exactly the parallel feed 
combinations. They are not avcrages between the differcnt com-
binations. Column 4, which is the reciprocal of column 3, indi-
cates the amount of forage required to substitute for 1 pound 
of grain at each of these combinations. 
These data indicate that for high levels of grain consumption, 
1 pound of hay substitutes for approximately 1.5 pounds of 
grain. Conversely, only about .65 pound of hay is required to 
substitute for 1 pound of grain. However, at the opposite extreme 
of the feed combinations, 3.83 pounds of hay are required to 
substitute for 1 pound of' grain.s While the sample of obser-
vations does not allow extrapolations outside of the levels of 
hay feeding indicated, the nature of the substitution relation-
ship suggests that hay might substitute at much lowcr rates 
if cows were fed rations which include mostly or only forage. 
(Or, conversely, grain may substitute for forage at a very high 
rate as feed combinations are altered from one including only 
forage. Current experimental results suggest that grain has a 
greater stimulating effect on milk production when it is intro-
duced into a ration that includes forage alonen The iso-product 
contours or feed relationship curvcs are presented in fig. 1 for 
milk production levels of 8,500 and 9,500 pounds per cow. 
'I'hese curvcs indicate a diminishing rate of substitution between 
grain and forage. (The 8,500-pound curve is a graph of columns 
1 and 2 of table 2. The 9,500-pound curve represents eomparable 
data for the higher level.) 
COST RELATIONSHIPS 
These data have important bearing on cost relationships in 
milk production. Profit per cow above feed costs depends on 
(1) obtaining the lowest cost combination of feeds for anyone 
level of output and (2) extending the least cost feed combination 
as long as the value of the added milk is greater than the cost 
of the added feed. As has already been indicated the least cost 
feed combination for any given level of milk production (the 
number 1 condition above) depends on (a) the priee or cost 
ratio of grain und forage and (b) the substitution rates of the 
two feeds. The most profitable level of feeding a given feed 
combination (the number 2 condition above) depends on (a) 
8 If the hay and grain in columns 1 and 2 of table 2 are converted to 
T.D.N. or net energy equivalent and combined, it is seen that the total pounds 
of T.D.N. (or net energy) required for producing 8,500 pounds of milk is 
higher at both extremes of the columns than at intermediate combinations. 
This is to be expected since the concepts of T.D.N. and net energy assume 
constant rates of substitution whereas the data used indicate diminishing 
marginal rates of substitution between forage and grain. 
• See Saarinen, P., M. A. Sami, J. C. Shaw. and L. A. Moore. The adequacy 
of an all-alfalfa hay ration for milk secretion. Jour. Dairy ScI. 34. 1951. 
Also see Huffman. C. F., and C. 'V. Duncan. The nutritive value of alfalfa 
hay. Jour. Dairy ScI., 27. 1944. 
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Fig. 1. Product contours (feed combinations) at 8.500 and 9.500 pounds 
of milk per cow. Derived from experimental data with Production Function 1. 
(Dots show individual observations with figures indicating millt per cow In 
1.000 pounds.) 
the price of milk as compared to the price or cost of the feeds 
and (b) the rate at which feed is transformed into milk (e.g., 
the number of pounds of the feed combination required to pro-
duce 1 pound of milk as output per cow is extended to higher 
and higher levels). The purpose of this study is to analyze fced-
ing combinations rather than levels of total feed input and total 
milk output. While it is truc that fced substitution rates vary 
with level of output per animal,' the problem of feeding inten-
sity is not treated here since it is analyzed in detail elsewere.1o 
The data of table 2 can be used to indicate grain-forage 
combinations which will minimize feed costs for 8,500 pounds 
10 See Autrey, K. 1\1., C. Y. Cannon and D. L. Espe. Efficiency of dairy 
rations containing various quantities of grain. Iowa Agr. Exp. Sta. Bu!. 305. 
1941. Also see E. Jensen, T. E. 'Voodward. et al. Input-output relations in 
milk production. U.S.D.A. Tech. Bu!. 815. 1942. 
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of milk per cow. (Similar calculations can be derivcd from the 
relevant equations for other production levels which fall within 
the range of observations·sampled.) For a farmer buying both 
grain and forage in the market and with grain at 1.87 cents 
and hay at 1.0 cent per pound (a grain/forage price rat.io of 
1.87 :1.0 with corn at $1.05 per bushel and hay at $20 per ton) 
grain-forage feed costs will be at a minimum with a feed combi-
nation including 8,000 pounds of hay and 3,406 pounds of grain. 
At this combination 1.87 pounds of hay replaces 1 pound of 
grain (column 4). With hay at .5 cent per pound and grain at 
].545 cents per pound (a grain/hay price ratio of 3.09 :1.0), 
feed costs are at a minimum fDr a feed combination including 
10,000 pounds of forage equivalent and 2,572 pounds of grain. 
A great number of farmers produce both the grain and 
forage which they feed. Others produce forage on their own 
farms and purchase grain. However, the same basic principles 
are applicable regardless of the source of the feed. For example, 
if it costs the farmer .5 cent to produce a pound of hay ($10 
per ton) and 1.215 cents to produce a pound of corn (68 cents 
pel' bushel), the grain/hay cost ratio is 2.43 :1.0 and the ration 
including 9,000 pounds of' hay and 2,937 pounds of grain is least 
costly since the hay/grain substitution ratio is 1.0 :2.43 at this 
point. Too, the same principles apply if the labor and other 
costs (including the feeds) are included in the calculations. 
(It is then the total cost of feeding grain or hay which estab-
lishes the feed-cost ratio and includes the price of the two feed 
materials plus their handling charges.) 
When labor costs are considered, however, the greater time 
required in weighing feeds may cause a given grain-forage ration 
to be unprofitable. Rather than weigh out both grain and for-
age, the farmer may still find it is least costly to feed his milk 
cows a specified amount of grain while they are left free choice 
of hay. The data on income which follow in a later section are 
based on the latter method of feeding. These considerations are 
important since the farmer is interested in minimum costs of 
producing milk, only as all costs are taken into account. 
PRODUCTION RELA'l'IONSHIPS 
Substitution relationships in feeding are also important in 
defining the maximum amount of livestock product which can 
be produced from a given land area. In case either an individual 
farmer or society is concerned with cropping or land use sys-
tems which allow a maximum quantity of livestock products 
from a given amount of land and other resources, then the rate 
at. whieh grain and forage substitute in the livestock ration must 
be related to the rate at which the two crops substitute in the 
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rotation. The rotation and ration relationships together deter-
mine the cropping system and the feed eombination which allow 
a maximum livestock product from a given quantity of land 
resources. The two relationships are not distinct but are mutually 
interdependent in determining the optimum land use system 
for a livestock economy. 
The interrelationship of grain and forage substitution 
relationships can be illustrated as they relatc to physical pro-
duction by further examination of table 2. If forage always 
substituted for grain in the rotation at the rate of 1.0 to 2.13 
(a grain/forage ratio of 1.0 :2.13 indicating that 1.0 pound of 
grain is sacrificed for each 2.13 pounds of hay gained as the 
rotation is shifted to include more forage) then the ration 
which will allow a maximum milk production from a given land 
area would include 8,500 pounds of hay and 3,156 pounds of 
grain. Here the rotation substitution relationship of 1.0 :2.13 is 
inversely equal to the ration substitution relationship of 2.13 :1.0. 
With the rotation rates remaining the same and with a change 
in the ration to include 9,000 pounds of hay and 2,937 pounds 
of grain, 2.44 pounds of hay would be required to replace 1 
pound of grain. Yet only 2 pounds of hay could be obtained 
for each pound of grain sacrificed as the rotation is shifted to 
include more forage and less grain. Or viewing the problem from 
another angle, a shift from hay to grain in the rotation would 
allow a gain in 1 pound of hay for each loss of 2 pounds of grain. 
Yet a shift of the ration from 8,500 pounds of hay and 3,156 
pounds of grain to 8,000 pounds of hay and 3,406 pounds of 
grain would not allow 8,500 pounds of milk to be obtained per 
cow; in the ration relationship (column 4 of table 2) 1 pound 
of grain substitutes for only 1.87 pounds of hay. 
While the above example is useful in explaining the inter-
relationship of substitution ratios for crop rotations and live-
stock rations, it hardly explains the situation for anyone soil 
type. It is generally true that in the rotation forage is (a) com-
plementary with grain over some range and/or (b) substitutes 
for grain at a diminishing rate within the competitive range. 
'rhese two conditions are evident in the data for table 1 where 
rotations including more forage first increase the total grain 
production possible from a given land area and finally cause 
total grain production to be lowered. Too, smaller and smaller 
quantities of forage are obtained for each pound of grain sacri-
ficed (column 6 of table 1). 
Because of the complementary relationship and the changing 
rate of sacrifice of grains and forages, rotation data such as that 
in the last two columns of table 1 appear of the nature indicated 
by curve CR in fig. 2. This is a rotation curve derived for :Mar-
shall silt loam soil from the Page County Experimental farm in 
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Fig. 2. Substitution of forage for grain In crop production on Marshall 
slit loam and substitution of forage for grain in milk production. 
lowaY It indicates the quantity of grain forthcoming from 100 
acres of land when various amounts of hay are produced in 
combination with grain. These various combinations represent 
different acreages devoted to each crop and are not shown. (The 
experimental yields have been applied to 100 acres of land in 
order that the figures can be more easily applied to farm situa-
tions.) The upward sloping portion of the curve denotes comple-
mentarity between forage and grain crops.12 The fact that the 
downward sloping portion has a distinct curvature in the com-. 
petitive range indicates that increasing quantities of grain are 
sacrificed for each additional pound of hay gained (or con-
versely, smaller and smaller quantities of hay are gained for 
each pound of grain sacrificed). . 
11 For details of the yield data upon which this curve is based see: Seventh 
annual report Soil Conservation Experimental Farm. Page County. Iowa, 
1950. Iowa Agr. Exp. Sta. and Ext. Servo FSR 38, 1951. While rotation re-
sults give only a few distinct points on the curve. the full curve has been 
nerlvild through regression estimates applied to varying quantities of land 
devoted to various rotations (and on the has is of 100 acres of land). 
,. The regression equation from which the rotation eurve in fig. 2 is 
derived is X 2 = 12·19.8 + 2.4169X, - .OOI07428X,' (where X 2 refers to total 
grain production per acre and X, refers to lJay produced per acre). Grain 
production includes both eorn and oats measured in pounds while the hay is 
a legume-bromegrass mixture. All regression coefficients are significant at 
the 1 perc,ent level of probability. 
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The complementary relationship between grain and bay ends 
with a production of slightly over 260,000 pounds of grain and 
approximately 110,000 pounds of hay (point b). If hay output 
is expanded into the competitive range to slightly over 240,000 
pounds (point d), grain output drops to 80,000 pounds. 
Thc question now arises as to which combination of graill 
and hay (as indicated on the rotation curve OR) will allow a 
maximum output of a single type of livestock product from 100 
acres (if livestock consumes the feed in the proportions produced 
in the rotation). Or, conversely, the question can be looked upon 
in this way: which ration will allow maximum livestock produc-
tion when the rotation is designed to produce the 'combinations 
of hay and grain specified in the ration. It is obviously true that 
the livestock product possible from a given area of land can 
never be at a maximum by following crop combinations. falling 
in the complementary range. Even if the livestock in question 
are unable to use or digest hay, forage production should be 
expanded as long as it is a complementary crop. Output of live-
stock products can always be expanded as grain output is' in-
creased through the complementary range while the. hay" 'is 
allowed to go to waste (or is plowed under as a green manure 
crop). . ,. 
However, when the type .of livestock is one which can utilize 
both grain and forage, the question of resource use becomes one 
of how far crop combinations (and livestock rations) should be 
extended into the competitive range of the rotation curve if 
the output of livestock product is to be maximized from a given 
land area. Should the crop combination be extended to point 
c or to point d 'When a single type of livestock is to be employed 
in utilizing the feeds and if milk production is to be maximized 
from a given land area 1 
The answer to this question is complex and will again vary 
with the level of production to be attained per animal (pounds 
of milk per dairy cow, marketing weights of hogs, beef cattle 
and sheep, ete.)13 It can be solved, however, for any specific 
level of output per animal, using the rotation estimates (curve 
OR in fig. 2) and the ration estimates for dairy cows (columns 
1 and 2 in table' 2 or the lower iso-product curve in fig. 1) pro-
ducing 8,500 pounds of milkY With output per animal at a 
given level the livestock product from a given land area ,can 
be maximized only when the rate at which crops substitute in 
the rotation is (inversely) equal to the rate at which 1hese same 
13 Substitution rates of feeds and stomach capacities of animals differ as 
different levels of production are attained per animal. 
H Similar computations can be made for cows producing milk at other 
levels if food substitution relationships are derived for the' relevant levels. 
This step has not been taken because of space and time limitations. 
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crops substitute as feeds in the livestock ration. The logic or 
mathematics behind this condition of maximization is exactly 
the same as that for the condition of cost minimization outlined 
earlier. IS 
Thus in Drder to estimate which ration and rotation combi-
nations might allow a maximum milk output from 100 acres of 
land from (1) cows of the quality included in the study and 
with milk output at 8,500 pounds and (2) rotational data of 
the type derived from the Page County, Iowa, experiments, the 
substitution rates for the rotation and ration data were analyzed 
together. The resulting estimates suppose that the quality of 
the legume hay in the two previous studies (the milk ration 
investigation and the crop rotation experiment) are sufficiently 
comparable to allow comparison of the substitution rates. 
Under these propositions, the marginal rates of substitution 
derived from the regression equations for (a) the rotation curve 
and (b) the feed contour determine (1) the ration per cow and 
(2) the number of cows which would allow a maximum milk 
production from 100 acres of Marshall silt loam. The derived 
statistics indicated that 35.4 cows, each producing 8,500 pounds 
of milk and receiving a yearly ration including the equivalent 
of 5,141 pounds of hay and 5,876 pounds of grain, will allow a 
maximum milk output per acre.16 It should be emphasized that 
this combination results from the substitution rates in both the 
livestock ration and the crop rotation. 
If the rate at which hay substitutes for grain in the crop 
rotation were twice as great as those indicated, a maximum milk 
production from 100 acres of land would comc through use of 
morc hay and less grain per cow. Thus the exact ration and 
rotation to allow a maximum output of livestock prDduct will 
vary with soil typcs (since the relative yields or substitution 
rates of crops in the rotation will differ between soil types) as 
well as the ratc of feed substitution for the particular type of 
livestockY 
10 While the earlier discussion indicated that cost minimi;::a·/ion for a 
giVen output of live .• tock is attained when the marginal rate of SUbstitution 
of feeds (the substitution ratio) Is inversely equal to the price ratio, the 
analysis can be reversed to give this condition: livestock output oan be 
maxilni.~ed for a givem cost outla!! when the ratio of feed substitution is 
Inyersely equal to the price ratio. Thus (a) minimization of cost for a given 
livestock output or (b) maximization of livestock output from the given cost 
is attained under identical equilibrium conditions. 
,. Notice that only at this combination will the marginal rate of substi-
tution of forage for grain in the crop rotation equal the substitution rate of 
forage for grain in the livestock ration, while at the same time the ratio of 
forage to grain in the rotation and in the ration are also equal. 
11 As is Indicated at another place In this study. many farmers produce a 
combination of livestock from the feeds grown on their farms; they may 
feed a portion of the grain to grain-consuming livestock such as hogs and 
feed a class of animals such as dairy cows a larger percentage of forage and 
'i smaller percentage of grain. 
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These conditions specifying the combination of feed crops 
in (a) the livestock ration and (b) the crop rotation which will 
allow a maximum output of livestock product from a given land 
area (100 acres) can also be presented graphically. The mar-
ginal rate of substitution (the substitution ratio) of feeds in 
the crop rotation or the livestock ration is represented by the 
slope (degree of curvature) of the rotation and ration curves, 
respectively.1s Thus, the contour curve for one cow (producing 
8,500 pounds of milk) from fig. 1 can be expressed as a feed 
contour curve (LF) for 35.3 cows in fig. 2 (300,050 pounds of 
milk). Tangency of the crop rotation curve (OR) and the live-
stock feed curves (LF) denotes that their slopes are equal and 
therefore that the substitution ratios of (a) crops in the rota-
tion and (b) feeds in the ration ,are equaP9 Thus the feed crop 
combination indicated at point c in fig. 2 (210,800 pounds of 
grain and 180,700 pounds of forage) denotes the maximum milk 
output possible from 100 acres. 
A ration such as that indicated by point f (104,000 pounds 
of grain and 320,000 pounds of hay) would also support 35.3 
cows producing 8,500 pounds of milk. However, it could not 
be attained from 100 acres of land with rotation substitution 
rates of the nature indicated. The fact that at point f the live-
stock feed curve (LF) lies above the crop rotation curve (OR) 
indicates that more than 100 acres would be necessary to pro-
duce the same quantity of milk (300,050 pounds) from 35.3 
cows if ration f rather than ration c were fed. Or conversely, 
milk output from 100 acres of land would necessarily be smaller 
if a ration other than that indicated at c were fed. For 
example, if a feed combination such as that indicftted at d 
(66,000 pounds of grain and 348,000 pounds of hay) were fed, 
it would support only 25 cows producing 8,500 pounds each. 
The feed combination indicated at point a would specify a simi-
18 Substitution ratios (the marginal rates of substitution) are computed 
mathematically as the first derivative of the rotation or ration curves. The 
first derivative of a function Is expressive of the slope of the curve of the 
function at any particular value of the relevant variable. 
10 In expanding the feed substitution relationships from the basis of a 
Single cow to 35.3 cows it has been assumed that constant phySical returns 
to scale exist. In other words, It assumes that management or technological 
conditions are such that the milk output per cow from a given combination 
of feeds is the same when one or 35.3 cows are Included in' the herd. To the 
extent that diminishing returns to scale exist in this sense, the total milk 
production from 100 acres would have to be scaled down to become consistent 
with the long-run production function. However, the conditions specifying a 
maximum milk output (equal rates of feed crop substitution between the 
rotation and ration relationships) must still exist. The workers engaged in 
this study had no basiS for establishing diminishing returns to scale. Thus 
the concept of constant returns to scale was employed in expanding the data. 
from the results for a single cow. 
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lar milk production (212,500 pounds) from 100 acres. Neither 
of the rations indicated at point a or d would allow a maximum 
milk production from 100 acres of Marshall silt loam with rota-
tion relationships of the nature indicated. 
NET INCOME FROM 100 ACRES 
The analysis above estimates the livestock ration and the 
r.rop rotation which will allow a maximum milk output froin 
]00 acres. Thus it does not include inputs of labor and capital 
other than land. The question thus arises as to whether the 
system which allows a maximum milk production from 100 
acres also results in the greatest net income for a single type 
of livestock. Generally, the crop rotation-livestock ration system 
which allows a maximum livestock production from a given land 
area20 will also result in the greatest return for a given outlay 
of labor, capital and land. The result will vary, of course, with 
the prices of the products and the costs of the various produc-
tion factors. Comparison of the net livestock return from 100 
acres has been made between the rotation and ration combination 
which allows the greatest milk output per 100 acres (point r-
in fig. 2) alid that which allows only 25 cows (point d in fig. 2). 
The data are given in table 2a for two different price periods. 
The system which includes the greater number of cows would 
require both a greater input of labor and a greater capital in-
vestment. However, the return from the dairy enterprise would 
be greater under the crop rotation and livestock ration system 
which allows 35.3 cows to be supported on 100 acres. If, how-
ever, the risk or uncertainty involved in producing at this com-
bination is greater than at point d it may still be wise for some 
farmers to select the point d combination: However, as will be 
shown in a later section, from the standpoint of livestock returns 
the differences in risk and uncertainty between the two combi-
nations would not be important. While no data were analyzed in 
this study to determine the risk and uncertainty surrounding 
the production of different forage-grain rotations, -it is not 
believed that the rotation indicated by point c would involve 
significantly more uncertainty than that indicated by point d . 
•• In the sense of substitution rates and not in terms of intensity of 
resource application Including levels of fertilizer application. total feed per 
animal, etc. Determination of the exact combination yielding highest net 
returns per given area of land could be determincd by use of a system of 
equations involving all of the variables affecting cost and returns, but the 
computation might become quite complex. It seems that since feed costs make 
up such a large part of all costs the eombinatlon which maximizes output 
from a given area of land will ordinarily be the one which maximizes net 
Income. 
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TABLE 2a. LIVESTOCK COSTS AND RETURNS FROM TWO DIFFERENT CROP 
ROTATION AND LIVESTOCK RATION SYSTEMS, 
1937-41 AND 1944-48 PRICE!'!.-
Itom 
Lahor co.t. ...... _ •......... _ .. _ .................... 
Interest on livestock investment ........ 
Interest on building and equipment, 
inv ... tm6l\t .... _ ...... _ .......................... 
Cost of producing grain and 
forage fed .................. _ ....................... 
Supplemental feeds ......... _ ...... _ ........ 
Miscellaneous exp8nse. ...... __ .............. 
Totallivo.tork co.t ....... __ .. _ ........... 
Gro." livestock return .......................... 
Net liye.tock return per 100 acres .... 
Investment in live.tock. ....................... 
Investment in buildings and 
equipment ........................................ , 
Totalliv"stock, building and 
equipment invostmonL ................... 
25 cows (comhination d) 
1937-41 1944-48 
prices price. 
$ 1,150 $ 3,050 
141 321 
107 187 
1,303 
75 
1,941 
140 
137 219 
2,013 5,868 
4.162 8,662 
1,249 2,794 
2,821 6,413 
2.6R7 4,667 
5,508 11.080 
.See Appendix B for basis of computing costs and returns. 
35.3 cowe 
(combination c) 
1937-41 1944-48 
prices price. 
$ 1,624 $ 4,307 
199 453 
152 264 
1,237 l,81G 
106 198 
193 310 
3,511 7,348 
5,876 12,231 
2,365 4.883 
3.984 9,056 
3.79{ 6,594 
7.778 15.649 
'Estimates of crop production (,OBt. based on Hendv and JenBon. The cronomics of crop 
.:>tations and land uec. Iowa A~. Exp. Sta. Rcs. Bul. 383, table 2. 1951. 
It should be emphasized that the above figures relate to a 
particular soil type and to one level of production per cow. 
Returns may differ between crop and feeding systems (a) for 
other soil types where forage substitutes for grain at a greater 
rate and (b) where the level of production or the breed and 
capacity of cattle differs from that employed in the analysis. 
The analysis above is for a single livestock enterprise. Many 
farmers attempt to combine enterprises in a manner to utilize 
feeds most efficiently. This section of the study does not deal 
with returns from alternative livestock systems. 
OTHER CONSIDERATIONS 
The analysis explaining the conditions under which output 
of a given livestock product can be maximized from a given land 
area assumes the average yields obtained in the rotation experi-
ments over a period of years.21 Yields in any single year may 
vary 'away from the average 'and livegtock production maJ' be 
21 For a discussion of problems of yield variability and the possibility of 
competition alone between crops in a single year see: Heady. Eal'l' O. and 
Harald R. Jensen. The economics of crop rotations. Iowa Agr. Exp. Sta. 
Res. Bul. 383. 1951. 
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conditioned accordingly. However, a program wherein feed sur-
pluses are stored until deficit years would allow the average 
conditions employed in the preceding section. Other types of 
price and yield variability are also of importance and are not 
included in the previous analyses. The scope of the current 
section has not allowed a complete investigation of income var-
iability. However, the conditions of production maximization 
outlined above illustrate the basic principles involved in design-
ing crop {)r land use systems and livestock rations which result in 
a maximum secondary product fr{)m a given land area.22 Greater 
refinements in statistical estimates will be possible only as addi. 
tional experimental data are available in appropriate form. The 
data of this study have been derived from data drawn from 
several decades of research work. Even so, they have severe 
limitations for "extrapolations" to situations other than those 
indicated. 
FEED SUBSTITUTION IN PORK PRODUCTION 
In order to derive statistical estimates of feed substitution 
in pork production, data from a large number of pasture and 
drylot experiments were examined. The study which proved 
best adapted to deriving substitution rates was an investigation 
designed along these lines and conducted at Beltsville.23 
While rates of substitution will vary depending on the types 
and qualities of feeds and hogs, this experiment was selected 
as a benchmark study. The feeds include ground Scricea les-
pedeza grading U.S. No.2 or equal and No.2 yellow corn. The 
hogs were fed in drylot and the rations included the same pro-
tein feeds for all systems. Since the hogs in the experiment were 
fed from approximately 65 to 225 pounds, the number of obser-
vations (10) did not allow estimate of the production function 
(or total product regression equation). Accordingly, the feed 
ration or product contour relationship (various combinations 
of corn and lespedeza for producing 100 pounds of pork) were 
derived directly. The regression equation most nearly acceptable 
(of' the four examined) in terms of production economics logic 
and statistical probability, was of the following form (where 
•• Many Corn Belt farmers are concerned with the combination of enter-
prises (rather than a single enterprise) which will allow a maximum product 
or economic return from limited resources. This problem also involves sub-
stitution rates but involves severa! other variables not analyzed here. A 
separate study is under way which deals with livestock combinations and 
income when alternative rotations are employed on a single soil association . 
• s For details of this study and the feed combinations included, see: 
E11!s, N. R. et al. The value of good legume hays in the ration or fall pigs. 
U.S. Dept. Agr. A.H.D. GO (mimeo.). 1943. . 
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X 2 refers to the amount of grain and Xl refers to the amonnt 
of hay fed in producing 100 pounds of pork) : 
X 2 = a + b1X1 + b2X 12 
The coefficients derived from the experimental observations are 
indicated below: 
X 2 = 327.5 - .5113X1 + .00423X1 2 24 
As the final step in investigation of substitution rates, the 
following equations defining marginal rates of substitution were 
derived. These substitution rates, as well as the feed combinations 
indicated by the previous equation, are averages for the 65 to 
225 weight interval (in contrast to an exact level of production 
per animal as in the case of dairy cows). 
:i:= -.5113 + .00846X1 
From the equations outlined above, the feed combinations for 
producing 100 pounds 01 pork and the marginal rate of substi-
tution of hay for grain have been derived in table 3. The product 
contour (from columns 1 and 2 of table 3), or feed combinations, 
in producing 100 pounds of pork are also graphed in fig. 3. 
TABLE 3. FOR\GE-GRAI~ COM.BINATIONS AND SUBSTITUTION RELATION-
SHIPS IN PRODUCING 225-POUND HOGS.' 
Marginal rate of substi-
Feed combinations pcr tution of hay for grain 
Pound. of hay required 100 pounds of gllin (pound. of grain for 
which 1 pound of hay to replace 1 poulld 
substitutes) of vrain 
dX. 
Lb •. of hay Lbs. of grain 
-
XI X, dXI 
(1) (2) (3) (.J) 
0 327.r. .0113 1.'16 
5 325.1 .4690 2.13 
10 322.8 .4267 2.34 
15 320.l'I .3843 2.60 
20 319.0 .3420 2.92 
25 317.4 .2997 3.34 
30 316.0 .21\74 3.88 
35 314.8 .2151 4.64 
40 l113.8 . 172S 6.79 
·15 313.1 .1303 7.07 
50 312.5 • OIlS 1 11.35 
'From wpaning (65 pounds) to 22.0; pounds • 
•• The linear regression coefficient was acceptable at the 5 percent and 
the curvlllnear coefficient between the 10 and 20 percent levels of probability. 
Since the level of acceptability Is one of degree (confidence) and since the 
logic of production does not specify a linear substitution rate. the dimlnl"sh-
Ing rather than the constant product contour has been accepted as the best 
estimate of substitution relationships. 
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Fig. 3. Substitution of forage for t;raln In pork production. 
An interesting (lomparison is the difference in rates of sub-
stitution of hay for grain in pork production as compared to 
milk production. While only about 2 pounds of hay are required 
to substitute for 1 of grain as the pork ration contains 5 pounds 
of hay, the rate of substitution jumps to over 11 pounds as the 
level of hay feeding per 100 pounds of pork is increased to 50 
pounds. 
COST AND PRODUCTION RELATIONSHIPS 
The implications of the feed substitution rates in pork pro-
duction costs are the same as those already outlined for milk 
production. With prices (costs) at .5 cent per pound ($10 per 
ton) for hay and 1.1 cents per pound (62 cents per bushel) for 
corn, the cost of producing 100 pounds of pork will be at a 
minimum with a ration including 15 pounds of hay and 320.8 
pounds of corn. Too, the maximum quantity of pork can be 
produced froin· a given land area when the. rate at which grain 
and hay crops substitute in the rotation (curve eR in fig. 2) 
is equal to the rate at which the same two crops substitute in 
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the hog ration (the feed combination or product contour curve 
in fig. 3). 
While this interrelationship has not been graphed for the 
hog ration and crop rotation data, the data were computed from 
the relevant production equations. These data indicate that on 
the basis of the rotation data employed, total pork production 
from 100 acres of Marshall silt loam might be at a maximum 
when the rotation is arranged to extend through the comple-
mentary range but not into the competitive range (e.g., to point 
b or the apex of eurve CR in fig. 2). Beyond this point the 
rate of substitution of hay for grain in the crop rotation is so 
low relative to the amount of hay required to replace grain in 
the hog ration that total pork production can only be decreased 
from crop rotations or land use systems including more forage. 
Pork production can always be increased up to this point since 
total output of grain as weU as total production of hay is in-
creased (since it falls within the complementary range of the 
rotation curve). Even if the hay were not used, grain and pork 
production could be increased through the complementary range 
from the greater total production of corn forthcoming. The hay 
which serves complementarily with grain could, however, be 
uscd in the hog ration to increase total production. 
TIMING OF PRODUCTION 
'fhe same qualifications which apply to milk production also 
apply to pork production. One additional consideration is in-
volved in the relationship of forage substitution to pork pro-
duction. The period of production tends to be lengthened as the 
ration is composed of a greater proportion of forage. Thus costs 
other than feed may be increased as the hog is on hand for a 
longer period. Then, too, returns may be affected as pork is 
marketed in periods of lower or higher seasonal prices. The 
effect of time of marketing on prices received can be offset, of 
course, through earlier farrowings, which mayor may not add 
to production costs. 
Differences between rations in the daily rate of gain and 
the length of the production period were less in the Beltsville 
experiment than in many others. The hogs from the experi-
mental lots receiving no hay made a gain of 1.66 pounds per 
day while those consuming the greatest amount of forage aver-
aged 1.67 pounds over the production period. Other experiments 
show wider differences in rate of gain and may thus involve 
greater variability in returns. The effect of the length of the 
production period on level and variability or uncertainty of 
returns is analyzed in later sections. 
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SUBSTITUTION RATES IN BEEF PRODUC'TION 
Beef production is represented by many cattle feeding and 
growing systems. Production systems vary all of the way 
between a beef herd which utilizes forages alone to drylot feed· 
ing operations which include three times as much grain as 
forage. The variation in grades of cattle fed is also great. Thus 
an exhaustive inventory of forage·grain substitution relation· 
ships in cattle feeding must await a large amount of additional 
experimental work. 
A sizable number of forage utilization studies have been 
conducted in the United States over the 'past decade. Almost all 
of these studies are based in part or entirely on pasture. Pasture 
studies are difficult to analyze since measurement of the forage 
input is complex. . 
The substitution relationships below have, however, been 
derived from an Iowa pasture experiment on Marshall silt loam 
with choice yearling feeder steers.25 The investigation was re· 
peated in each of five years and included four different produc. 
tion systems. One system consisted of grain· feeding in drylot, 
another included grain feeding on pasture, and two included 
pasture grazing with the cattle fed out at the end of the pasture 
season. One of the pasture systems included a rotational grazing 
system while the other included continuous grazing. The four 
systems were duplicated each year. All cattle were fed to the 
same finished grade. 
The various treatments result in utilization of different quan-
tities of forage relative to grain. In deriving the substitution 
relationships forage consumed in the form of pasture was con-
verted to a hay basis. 'l'he product cont{)ur equation was derived 
directly and r~lates total forage consumption (Xl) measured in 
terms of pounds of hay to total grain consumption (X2 ) pCI' 
100 pounds of beef.26 The forage consumed both in drylot feed·· 
jug periods and on pasture included a bromegrass-alfalfa mix-
2. For details on this experiment. which was conducted over the 5-year 
period 1946-50, see: Seventh annual report Soil Conservation Experimental 
Farm. Page County. Iowa, 1950. Iowa Agr. Exp. Sta. and Ext. Servo FSR 38 
(mimeo.). 1951 2. Conversion of pasture consumption to hay ·equivalent was made In the 
following manner: The actual pounds of brome-alfalfa hay fed each group 
In drylot waS used as one component of the total hay consumption. The 
other component of total hay consumption was the brome-alfalfa consumed 
as pasture. ,\Vhilc clippings from cages were available for the pasture plots, 
these do not give acceptable estimates of the forage consumed as pasture 
since the production of grasses and legumes differs greatly from areas out-
side as compared to areaS inside the cages. The average brome-alfalfa hay 
yields from rotational areas harvested as hay were thus used to estimate 
the consumption of hay in the form of pasture. This hay component plus 
that consumed as hay on drylot feeding constitutes the total hay consump-
tion per steer from which the statistics of this study have been derived. Use 
of data from cage clippings gave statistics which were not usable at all 
acceptable level of probability. 
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Fig. 4. Substitution of forage for grain in beef production. 
ture. Grain was in the form of corn. All lots of cattle were 
purchased in the fall and wintered on the same growing ration 
until the beginning of' the pasture season in May. It was at this 
time that cattle were divided on the basis of the treatment to 
be studied. In'deriving the product contour, or feed combination 
curve, feed inputs were reduced to the basis of 100 pounds of 
gain.27 The contour equation is given below. As in the case of 
other substitution relationships in this study, Xl refers to hay 
and X 2 refers to grain required per 100 pounds of gain. The 
equation listed was selected (in the sense of statistical prob-
ability) over others investigated.28 
X 2 = 1111.15 - .4219X1 + .00006S6 .. '? 
'rhis relationship is expressed graphically in fig. 4. 
The equation for the marginal rates of substitution of hay 
for grain was derived from the above equation and is expressed 
as follows: 
dX2 dXt = -0.4219+.000137X1 
2T The average gain per steer was 350 pounds; steers on thp high-grain 
rations gained considerably less and those on the high-forage rations gained 
more. The range in weight gained for steers fed eaeh combination was nar-
row, making it difficult to obtain a good estimate of the production surface (see Appendix A). This difficulty was avoided by estimating the product 
contour directly. Feed Inputs were reduced to the basis of 100 pounds of 
gain Inasmuch as this Is the form in which experimental data are ordinarily 
presented. 
2. The coeffiCient for the linear term was acceptable at the 1 percent level 
of probablllty While that for the curvUlnear term was acceptable at the 5 
percent level of probability. 
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TABLE 4. SUBSTITUTION RELATIONSHIPS (PRODUCT CONTOrn) IN THE 
PRODTJCTION OF CHOICE BEEF. 
Feed combinations for producing 
100 pound. of beef 
Marginal rate of substi-
tutian of hay for grain 
(pounds of grain for Pound. of hay required 
which 1 pound of hay to r~pla"" 1 
SUbstitutes) pound of grain 
dX, 
Lb •. of hay Lb •. of grain -
X, X, dX, 
(1) (2) (3) (4) 
400 953.4 .3fl70 2.72 
GOO 882.7 .3396 2.1'6 
SOO 817.5 .3121 3.21 
1,000 707.9 .2847 3.51 
1,200 703.7 .?572 3.S9 
1,·100 054.0 . 22'l'l 4.35 
I,GOO 611.8 .2023 4.95 
1,800 574.0 .1749 5.71 
2,000 541.8 .1474 6.80 
2,200 fo15.1 .1200 8.a3 
2,400 493.8 .0925 10.99 
2,600 47f!.0 .0651 15.38 
The data in table 4 suggest that the rate at which forage 
substitutes for grain in producing choice beef declines at a slower 
rate than for pork production but at a greater rate than for 
milk production.29 While the first figures in table 4 (for beef) 
show lower substitution coefficients than the first figures in 
table 3 (for hogs), it should be pointed out that the hog ration 
begins with zero hay for 100 pounds of gain while the beef data 
start with 400 pounds of hay. Since beef cattle are ruminants, it 
cun be expected that the rate at which forage substitutes for 
corn would be much greater than for hogs were the cattle ration 
to start with grain alone. 
'l'IMING OF PRODUCTION 
Time must also be considered as a factor in production of 
beef cattle. The cattle fed the greater proportions of forage in 
the form of pasture and hay required a greater period for 
finishing to the same grade than those fed in drylot. In thc 
original experiment, the drylot cattle and those fed grain while 
on pasture were marketed neal' the first of October. Those grazed 
on pasture and then fed out were marketed in December and 
January. 
2. In the original experiments Some differences also existed in the amount 
of protein consumed per steer under the various systems. The amount of 
protein consumed per steer over the 5-year period was 148 pounds for drylot, 
38 pounds for fed on pasture, 73 pounds for rotation grazed and 73 pounds 
for continuous grazed. 'Vhlle attempts were made to include protein as a 
variable in the production functions and contour equations for the various 
classes of livestock, this was generally impossible because of the small number 
of degrees of freedom or observations. 
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Too, in order to attain the same degree of finish (a homogene-
ous product is the necessary basis in computing resource substi-
tution relationships) it was necessary that the pasture-grazed 
steers be carried to a heavier weight than those fed in dry lot 
or fed on pasture.so Thus grain in the beef ration becomes a sub-
stitute for both forage and time. Or, forage and time may be 
considered as technical complements which together substitute 
for grain. The same condition is true in substitution problems 
y,-hich relate to other meat-producing animals. 
The longer period of production for cattle on pasture may 
involve greater priee risks and greater cost outlays in the form 
of interest on investment and other expenses. Analysis of income 
and income variability for the different production methods is 
contained in a later section. 
SUBSTITUTION RATES IN LAMB FATTENING 
Feed contours and substitution rates have been derived for 
fattening lambs which were fed six different proportions of 
chopped alfalfa hay and corn in the ration.sl The experiment 
included 12 lots of lambs (lots duplicated for eaeh ration) with 
20 lambs in each lot. The experiment was begun Oct. 17, 1950, 
and continued until each lot of lambs was finished. Since some 
variation in marketing weights did take place, two approaches 
were tried in deriving substitution contours_ One included the 
derivation of the production function, and the other involved 
the direct derivation of the product contour (feed combination 
curve). Examination of the coefficients suggested that the first 
system gave better estimates of the production relationships. 
The resulting produetion function (selected out of 5 models 
examined) included. the following regression coefficients (with 
r designating gain per lamb, Xl designating hay input and X 2 
denoting grain consumption per lamb) : 
¥= -158.4345+.7157Xl+2.3118X2-.001046X12-.0074X22 
-.0037X1X 2 82 
so ·While this procedure may appear to confound the factor-factor and 
the factor-product relationships (see appendix A). It is the only manner in 
which a homogeneous product can be attained in beef production. Those 
steers grazed on pasture do not carry the same tlnish as those fed on drylot 
and hence are of a lower market grade. It is only as they are fed to heavier 
weights that a tin ish can be attained whereby grades are comparable. Thus 
if the product is to be homogeneous. the feed substitution rates must con-
tain a factor-product component. 
at For details of this experiment see: Culbertson, C. C. et al. Different 
proportions of corn and hay in fattening lambs. Iowa Agr. Exp. Sta. A.H. 
Leaflet 1'18 (mlrneo.). 1951. 
s, The linear coefficients taken alone were acceptable at the 1 percent 
level ot probability while the curvilinear term was acceptable at the 20 per-
cent level. 
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Fig. 5. Substitution of forage for grain in lamb production. 
The product contour equation (feed combinations in producing 
25 pounds of' gain) was derived from the production function 
as follows (with gain per lamb constant at 25 pounds) : 
2.3118- .0037 Xl \1(2.3118- .0037 Xl) 2+.021175XI - .00003LY,2_5.4267 
.014792 
This relationship is represcnted graphically in fig. 5. 
The marginal rates of substitution were then derived from 
the contour equation and again indicate the change in grain 
input associated with each I-pound challge in hay input. The 
equation is given below: 
Both the feed combinations (product contour) for producing 
25 pounds of gain and the rate at :which hay substitutes for grain 
are included in table 5. 
The rate at which hay substitutes for grain in lamb fattening 
falls somewhere between that for hogs and that for dairy cattle 
or for beef fattening. Starting with 40 pounds of forage for a 
25-pound gain, 1.55 pounds of hay is required to substitute for 
1 pound of grain. An increase to 160 pounds shows the replace-
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TABLE 5. FORAGE-GRAIN CO:\1BINATIONS .4.ND SUBSTITUTION RELATION-
SHIPS IN PRODUCI"'O A 25-POUND GAIN ON J,AMBS. 
Marginal rate. of Bubsti-
Feed combinations in producmg tution (pounds of grain 
25 pO\lnd~ of gain replaced by 1 pound Pound. of hay requited 
of hay) to replace 1 pounel 
dX. 
of grain 
Lb •. of hay Lb •. of grain 
-X, X. dX, 
(1) (2) (3) (4) 
40 130.9 .6460 1.55 
50 125.1 .5334 1.88 
60 120.1 .4634 2.16 
70 115.7 .4120 2.43 
80 111.8 .3705 2.70 
90 108.3 .3348 2.99 
100 105.1 .3025 3.31 
110 102.3 .2721 3.68 
120 99.7 .2425 4.1::1 
130 \17.4 .2125 ·1.72 
140 95.4 .1812 1i.52 
150 9:\.8 .1472 6.80 
160 92.5 .1087 9.11 
ment rate to be 9.11 pounds of hay. It should be remembered, 
however, that the substitution rate (hay for grain) would be 
much greater in rations including more grain and less hay than 
the first one indicated in table 5. 
The hog figures start with a ration including no hay. The 
rate of substitution (hay for grain) for hogs when hay con-
sumption is 50 pounds for each 100 pounds of pork produced 
is much lower than the substitution rate for lambs when 40 
pounds of hay are being fed for each 25 pounds of gain (or when 
200 pounds of hay are being fed for each 100 pounds of gain). 
Different rations involve different marketing weights in lamb 
production. In the feeding experiment, the lambs on the highest 
grain ration gained an average of .36 pound per day. Those on 
the highest forage ration gained only .29 pound per day. It took 
only 60 days to finish the lambs fed the high grain ration to a 
choice or prime grade while it took 86 days to bring the lambs 
on the highest forage combination to the same degree of finish.33 
Too, the production risks, price uncertainty and other economic 
considerations mentioned earlier also apply to lambs fed dif-
ferent rations . 
• a The following differences also existed In consumption of protein feeds: 
The lambs receiving the highest proportion of grain In the ration consumed 
11.0 pounds of soybean ollmeal per 25 pounds gain. whereas those on the 
high forage ration consumed only 1.25 pounds of soybean oil meal for each 
25 pounds of gain In weight. 
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FUNDAMENTAL RELATIONSHIPS 
The substitution relationships discussed above are of funda-
mental importance in establishing both the best methods of feed 
utilization and the optimum cropping program for a farm or an 
agricultural area. Greater knowledge of the most efficient use 
of capital, labo·r and land resources will be possible only as more 
information becomes available on substitution rates of feed in 
the crop rotation and the livestock ration. The study upon which 
this report is based has included an attempt to establish some 
benchmarks in respect to feed substitution. It is hoped that the 
statistics may not only prove of practical value but also that 
the limitations posed will provide a methodological basis for 
additional research.34 
The following sections are devoted to the income, capital 
and labor requircments, and uncertainty or income variability 
which attaches to different utilization systems. Additional classes 
of livestock and feeding systems are included for the data of 
these sections. 
CAPITAL AND LABOR REQUIREMENTS OF FEED 
UTII.JIZATION SYSTEMS 
The data of the preceding sections suggest the nature of 
feed utilization relationships in livestock production. In the 
sections which follow, labor and capital requirements and the 
problems of risk and uncertainty involved in different feed 
utilization systems are analyzed. A few of the possible forage-
grain feed combinations for each of several classes of livestock 
were selected for this analysis. The systems considered are either 
common in the Corn Belt or present possibilities in the utiliza-
tion of f()rage crops. These feed utilization systems arc indi-
cated in table 6. A more complete description of each of the 
feeding systems is presented in Appendix B. 
LABOR REQUIREMENTS 
In analyzing the feeding systems and crop rotations which 
maximize returns in the previous sections, emphasis has heen 
placed on the great cst output of livestock product from a given 
acreage of land. This procedure is justifiable in the sense thai 
feed costs make up the greater part of total costs in livestock 
production. Other production factors are also important, how-
ever. Labor makes up perhaps the largest single other item of 
cost for all livestock, and in the case of dairy cows it constitutes 
an important portion of total costs. Since labor costs for anyone 
.. See especially the notes In appendix A. 
TABJ.E 6. LABOR REQUIREMENTS AND DISTRIBUTION OF LABOR BY MONTHS FOR UTILIZATION OF 100 TONS FORAGE 
WITH VARIOUS LIVESTOCK SYSTEMS. 
---
Hours Total hours 
Livestock feeding .YBtem" labor labor to Percent of total lahar required each month 
per consume 100 -----------------_._-----------------
head tons forage Jan. Feh. Mar. April May June July Aug. Sept. Oct. Nov. 
------------------ ---
---
-------
(1) (2) 
Dairy cows (a) high grain ................. __ ......... 200 9000} (b) medium high grain ......... _ ... 193 5018 11.0 10.5 11.0 9.5 7.5 6.0 6.0 6.5 6.0 7 . .5 8.5 (e) mNlium high forage .... ________ 183 3111 (d) high forage.: __________________________ 176 2640 
----- ---------------
------------------
Feeder cattle 
Feeder calves," high grain. _________________ ._. 17.4 2071 5.8 5.7 5.7 8.0 14.4 14.4 14.4 14.4 -- 5.7 5.7 Yearling.' (a) high grain._. _______________________ 15.3 872 3.3 3.3 3.3 3.3 16.3 16.3 16.3 10.3 16.3 1.3 2.0 (h) medium forage. _____ . _________ 19.0 589 3.2 3.1 3.1 3.1 1.6 16.3 16.3 16.3 16.3 16.3 2.2 (c) high loraga .. ______________________ . 10.9 251 4.6 4.6 4.6 4.6 1.8 1.8 1.8 1.8 22.0 22.9 2ri.6 
2 year-old steers, high grain" ___________________ 12.6 2293 16.5 - - - - - - 16.7 H1.7 16.7 16.7 
------------------------------Beer herd (a) 400 lb. calf high lorage' ________ 15.0 285 13.6 13.6 15.1 10.2 5.1 5.1 5.1 5.1 5.1 5.1 6.7 (h) calf fed out high forage' ________ 33.0 363 10.6 10.1 10.6 10.6 3.9 3.9 10.6 10.6 10.6 3.9 7.0 
------------------------Hogs 1. Iowa nveragc. ___ ... ______ ~_ .• ___ . ____ . ______ . 
.59 5900 6.6 8.5 12.0 12.0 8.5 8.5 8.5 11.8 11.6 3,4 3.4 
II. Drylot hogs-(a) all-graiu. ________________ . __ 
.59 -- 6.8 8.5 12.0 12.0 8.5 8.5 8.5 11.8 11.6 3.4 3.4 (h) medium forage .. _________ . ________ 
.65 2990 6.2 7.7 10.8 10_8 9_2 9.2 9.2 12.3 12.3 3.1 3.1 (e)high forage _________________________ 
.70 910 5.7 7.1 10.0 10.0 8.8 10.0 10.0 12.8 12.8 4_3 2.8 
III. Pasture hogs' 
_59 6.8 8.5 12.0 12.0 8.5 8.5 8.5 11.8 11.6 3.4 3.4 (a) all-/train. .. ________________________ --(b) medium forage _____ . ________________ .70 1372 5.7 7.1 10.0 10.0 7.2 8.6 8.6 11.4 11.4 11.4 4.3 (e) high forage ___________________ 
.80 960 5.0 6.2 8.8 8.8 7.5 7.5 8.8 10.0 10.0 11.2 11.2 
---- -- -- - - ---- - -- ----
- -- --_. 
-- --
-See Appendix B for detailed description of feeding systems and sources of data. 
"Good-choke calves were wintered and then lini.hed to choice cattie in drylot_ 
'Choice yearlings (about 600 pounds) were ... 1ntered and fed out tho following summer to choice grade. 
-Choice .teers (about 800 pounds) purchased in August and fed to choice grade for sale the foll()wing January. 
·Calf crop sold as good-choice feeder calves in October. 
!Calf crop <arried over aD bigh forage ration and sold in third year as good grade cattle. 
-Hogs fed varying proportions of ground hay in ration (system a recoived no forage, system b received 10 percent of the feed a. grain). 
Dec. 
---
10.0 
---
5.8 
2.0 
2.2 
3.0 
16.7 
---
10.2 
7.6 
---
5.0 
5.0 
6.1 
5_7 
5.0 
4.3 
5.0 
~Hogs fed vl'rying amounts of pasture_ Hogs in system a were given no pasture, those in b were given grain equal to 3 percent of their hody weight while 
on pasture, and those fed according to system c were limited to grain equal to 1 percent of their body weight while on pasture. 
00 
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type of livestock vary, depending on the system of feed utili-
zation, consideration of the labor factor is important. Accord-
ingly, this section relates labor requiremcnts to different live-
stock rations. 
Thc forage-grain utilization system selected may affect labor 
requirements in both crop production and livestock production 
if the fecds fed arc grown on the farm. The effect of the utili-
zation system on crop labor depends chicfly on the way in which 
the forage is harvested (whether pastured or madc into hay). 35 
Increasing the proporti<ln of forage in the ration fed a particular 
kind of livestock may affect livestock labor requirements in three 
ways: (1) It may reduce the daily rate of production and thereby 
prolong the time an animal must be kept in order to produce a 
given output; (2) it may affect the daily labor requirements for 
feeding and caring for an animal; and (3) it may affect the dis-
tribution of the work load throughout the year. 
LABOR REQUlUEMENTS IN UEIJA'fION TO FEEDING SYS'rEM 
When labor is available, or can be hired, the objective is often 
to minimize the combined labor and feed cost of producing a 
particular output of livestock product. If labor requircmcnts 
in producing 100 pounds of pork, for example, are no different 
under different rations, the feed combination with the lowest 
feed cost will, of course, be the one which minimizes the cost of 
both feed and labor. If labor requirements change proportion-
ately with changes in the proportion of forage in the ration, the 
analysis is still not difficult; the cost of forage can then be 
adjusted to include the additional labor costs associated with it. 
'fhe optimum ration will be the one which minimizeR the ad-
justed feed costs for a given output. 
Analysis is made more complex, however, where labor re-
quirements do not vary proportionately with changes in the 
ratio of forage to grain in the ration. As shown in table 6, labor 
requirements do not generally vary in direct proportion with 
the amount of forage in the ration. For example, in the case of 
the yearling steers, table 6 shows that the steers fed A. moderate 
.amount of forage required considerably more labor than either 
those handled on the high grain ration or those fed a high pro-
portion of forage. Labor requirements per dairy cow are shown 
to decrease as the proportion of forage in the ration is increased. 
This is due primarily to the higher milk production per cow on 
the high grain rations. Labor requirements per pig increase as 
the proportion of forage in the ration is increased. This increase 
•• However, on the basis of other studies in this connection It is assumed 
that the effect of changes in the rotation on labor requirements in crop pro-
duction Is unimportant. Here only the effects on labor needed for producing 
livestock with alternative rations are conSidered. 
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is due to the extra work involved in handling the bulkier feeds 
in the case of hogs fed chopped hay and due to the longer feed-
ing period in the case of hogs fed on pasture. 
SEASONAL DISTRIBUTION OF LABOR 
The distribution of labor requirements is an important con-
sideration in deciding the best feeding systein if the farmer is 
to avoid periods of low employment as well as periods requiring 
the hiring of additional labor. The estimated monthly distri-
bution of labor requirements for the alternative feeding systems 
is shown in table 6. 
The percentage of the total labor required each month for 
handling dairy cows is not affected appreciably by the propor-
tion of forage in the ration. 
In the casc of yearling stecrs, the systems involving a higher 
proportion of forage in the ration requires a higher proportion 
of labor in fall months and considerably less labor in summer 
months when the cattle are on pasture. 
Of the various hog feeding systems considered, hogs fed dif-
ferent proportions of forage in the form of chopped hay in 
drylot exhibit only slight differences in labor distribution 
throughout the year. However, of hogs fed on pasture, those fed 
the higher proportions of forage required a somewhat longer 
production period and a larger amount of labor in fall months 
than those fed little or no forage. It is possible, of course, to 
vary the time of farrowing considerably and thus arrange the 
work load to fit the availability of labor with anyone of the 
several rations. 
RETURNS FROM LABOR 
Labor is often a "rationed" factor. This is true in the sense 
that many farmers are not in a position to hire additional labor 
when they want it. Some farmers lack facilities lor keeping 
hired mcn, or the family may not be willing to share the home 
with hired labor. For a variety of reasons many farmers want 
to keep labor requirements low and to distribute the work load 
in such a way that the need for hiring additional labor will be 
minimized. 
A limited labor supply may restrict a farmer's ability to 
utilize a large quantity of forage. Unless he has sufficient labor 
to expand his livestock systems to a size capable of consuming 
all the complementary forage produced, it will not be profitable 
to grow more than enough forage to bring total grain production 
to a maximum. 
The amount of labor required to consume the complementary 
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forage through alternative feeding systems is consequently im-
portant in determining whether or not the grain-forage combi-
nation can be extended into the competitive range profitably. 
Column 2 of table 6 shows the total hours of labor which would 
be required to handle enough livestock to consume 100 tons of 
forage under each of the feed utilization systems. 
'rhus a farmer who produced 100 tons of forage in comple-
mentary relationship with grain would need 9,000 man-hours 
of labor to handle the 45 dairy cows required to consume that 
amount of forage if he followed the high grain dairy ration. 
The same amount of forage could be utilized with only 2,640 
hours of labor if 15 milk cows were fed the high forage ration. 
Only 251 hours of labor would be required to consume 100 tons 
of forage by feeding 23 yearling steers a high forage ration. 
In allocating labor among alternative enterprises, where it 
is the limiting factor in production, those livestock systems 
which require the least labor per dollar of net income may well 
have priority. Systems which are intensive in the use of labor 
probably would not be selected if labor is extremely limited. 
Table 7 compares the net returns which would be realized 
for 100 hours of labor applied to alternative feeding systems 
for each of three price periods. Hogs fed the high grain ration 
in drylot show the most favorable returns per 100 hours of 
labor for the three price periods indicated. But no forage is 
consumed by these hogs. Thus if all available labor was applied 
to this livestock feeding system it would be profitable to extend 
forage production through the complementary relationship and 
let the forage go unused. But, while the returns per 100 hours 
of labor are substantially higher for hogs fed this ration than 
for any of the other classes of livestock, it does not follow 
necessarily that it is most profitable to apply all of the avail-
able labor on hogs. 
Numerous other considerations, including the interrelation-
ships among livestock enterprises, must be taken into account. 
What table 7 does suggest, however, is that with only a small 
amount of labor available it is profitable to apply a large portion 
of it to hogs before considering alternative systems. 30 With only 
a small amount of labor available for livestock production the 
most profitable use of that labor would involve little or no for-
age utilization. 
3' It should be kept in mind that in computing the net income fol' each 
of the feed utilization systems. forage was charged at its market value. So 
long as the amount of livestock on a farm is not adequate to consume all 
of the complementary forage this may represent too high a cost for forage; 
it may be more correct to consider forage as a free good in such a case. It 
is free in the sense that it would be wasted if not fed to livestock (costs of 
harvesting would, of course, need to be considered). Under such circumstances 
feed costs for livestock which consume large qUantities of forage would be 
substantially reduced. A beef herd, which can be maintaIned on practically 
an all-forage ration, might In such cases be quite profitable. 
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TABLE 7. NET RETURNS PER 100 HOURS OF LABOR APPLIED TO VARIOUS 
LIVESTOCK FEEDING SYSTEMS IN SPECIFIED PRICE PERIODS. 
I.ivestook feeding system" Hour. 
Npt return per 100 hours. 
per head 1931-35 1937-41 1944-18 
pricos prioos prioes 
Dairy cows (a) high grain. ___ .. _ ......... 200 $ 10.25 $ 14.31 S '22.32 
. t) medium high grain. ... 193 2.02 12.15 25.07 
cj m~dium high forage •. 183 -loSS 9.39 20.56 
d) high foragu..._ ............ 176 -4.42 7.61 18.13 
-
Feeder cattle 
Feeder calve .. _ .. __ ... _._ ...... _ ........ _ .. 17.4 15.63 66.32 233.90 
Yearling. ~) high grain .................. 15.3 -29.93 93.07 313.52 ) medium forage .......... 19.0 3.26 116.37 316.10 (c) high forage ....... _ ...... _. 10.9 2·1.58 173.39 613.11 
2-year-old st6er ........ _._ ...... _ ........... 12.6 70.95 90.32 135.5.; 
-~ 
-
Beef herd (a) 400 lb. calf high forage 15.0 -89.33 -5.40 -104.06 (b) calf fed out high forage 33.0 -43.36 27.70 83.76 
Hogs I. Iowa averaga .. ___ .. _ ........... .5\1 8.47 333.89 1845.76 
II. Drralot a~ high graio. ____ . __ ... 
.59 137.29 725.42 1616.93 
~b medium forage ____ ... 
.65 98.46 656.92 1521.54 
0) high forage. ___ ........... .70 22.85 558.57 1351.47 
III. Pa.ture bogs 
(a~ high grain. ____ ._ ... _ ... 
.59 28.81 574.57 1098.30 {b medium forage .......... .70 -2.86 411.42 1765.71 (c) high forage. ___ ._ ....... 
.80 -83.75 231.25 1223.75 
-Feeding .y.temB correspond to those in table 6. See Appendix B for a detailed des.rip-
tiDn, Bourr..,. of data aDd method of computation. 
"Net return is computed a8 a residual after all co.to, including the cost of labor at the av-
erage daily Wl\ge rate, have been deducted. 
CAPITAL REQUIREMENTS 
Time ordinarily elapses between the date that plans are 
made or production is. initiated and the time whcn returns arc 
realized. This consideration gives rise to capital investment prob-
lems in connection with farm production. As with any scarce 
resource, the farmer has the problem of distributing his ~apital 
in a way which will maximize his net income. He may accom-
plish this by investing in each enterprise up to the point where 
the returns from the last dollar of investment in each enterprise 
is equal to its cost. For farmers with adequate savillgs or un-
limited borrowing power this cost is represented by the returns 
obtainable on alternative investments off the farm or the interest 
charges whieh must be paid on borrowed capitaL If the capital 
available is limited, however, to get a maximum net income the 
investment in various enterprises will have to be distributed in 
such a 'Way that marginal returns are equal for aU enterprises 
(though higher than the marginal cost). 
Discussion in previous sections indicated that it is profitable 
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over a period of years to grow at least enough forage to bring 
total grain production to its maximum. Production of comple-
mentary forage is profitable even if no return is rE'alized on 
the forage as feed. However, within a single year forage and 
grain are always competitive; an increased acreage and produc-
tion of forage can come only at the expense of grain.37 A shift 
of acreage from grain to grasses and legumes will ordinarily 
mean lower returns from grain in the few years required for 
the new rotation to influencc grain yields. If the additional for-
age is not utilized, gross incomc to thc farm will be reduccd 
to the extent of the reduction in returns from grain.ss Thus 
some investment (postponement of income) is involved in ex-
tending forage acreage within the complementary range. 
CAPITAL REQUIREMENTS IN RELATION TO FEEDING SYSTEM 
An increasc in forage acrcage beyond the point where total 
grain production is maximized will not be profitable unless the 
additional forage is,worth as much in terms of feed as the grain 
which it replaces. If the competitive forage is to have a value it 
must be sold or utilized through livestock. This involves establish-
ing a livest{)ck system large enough to consume all the forage. 
The size of the investment required to feed a given amount 
of forage depends upon the kind of livestock to which it is fed 
and the proportion of forage in the ration. Estimates of invest-
ment in livestock and necessary buildings and equipment re-
quired to utilize 100 tons of forage are shown in table 8 for 
the several types of livestock "and feed utilization methods. The 
number of head of livestock needed to consume 100 tons of 
forage is based on estimated feed requirements for each of the 
feeding systems shown. The investment requirements arc based 
on average Iowa prices for three different time peri{)ds. The 
years 1931 to ] 933 were used to show investment requirements 
in a period of a low price level. The period 1937 to 1941 was 
taken to represent a moderate price level. The years 1944 to 
1948 were used as representative of a relatively high price level. 
Building and equipment investment estimates are based on min-
imum requirements for Corn Belt conditions.3o Investment re-
quirements were calculated on the basis of 100 tons of forage 
31 For a detailed discussion of this point see Heady, Earl O. and Harald, 
R. Jensen. The economics of crop rotations and land use. Iowa Agr. Exp" 
Sta. Res. BuI. 383. 1051. 
38 Net returns may not be reduced by nearly so much, however, since the 
cost of harvesting the forage will be avoided . 
•• It should be recognized that often investments In buildings are not re-
quired in order to establish a liv'estock system. On most farms some buildings 
are available which can be adapted for use for the particular kind of live-
stock system to be followed. In such cases buildings and equipment invest-
ment requirement would be considerably lower. 
TABLE 8. INVESTMENTS IN LIVESTOCK AND BUILDINGS AND EQUIPMENT REQUIRED TO UTILIZE 100 TONS OF FORAGE 
WITH VARIOUS LIVESTOCK FEEDING SYSTEMS IN SPECIFIED PRICE PERIODS. 
Liyestock feeding system" 
Dairy cows Cal high grain ... _ .•.......................................................................... 
(b) medium high grain ................................................................. . 
(e) medium high forage ............................................................... . 
No. of 
head 
requirad 
Investment in ]h~estock 
19~.1-35 I 1937-41 1944-48 
prices prices priees 
S 3,166 $11,544 
1,823 2,935 .6,670 
1,102 1,919 4,361 
Cd) high foruge ....•........................................................................... 1 ________ 1 _______ _
Feeder cattle 
45 
26 
17 
15 
I $ 5,079 
1.037 1.693 3.848 
Feeder calves high grain .... : .......................................................................... . 
Yearling steers Cn) high grain ...................................................................... . 
(b) medium forage ............................................................... . 
(c) high forage ..................................................................... . 
2-year-old steers (d) high grain ....•.•..•.............................................................. 
Beef herd (a) 400 lb. calf, high forage ..........................................•................. 1 
(b) calf fed out, high forage ........................................................... . 
Hogs: I~: ~:Mo~iig;~:~;~:;:~:~:~::~~~~~;:;~:;;;;;;;;;;;;;;;;:;;;;;;;;:;;;::;::;;::;;:;;;;:: 
(c) high forage ............................................................................. . 
III. Pasture hogs . 
(a) all-grain._ ................................................................................ . 
(b) medium forage ...................................................................... . 
(e) high forage ............................................................................. . 
119 
57 
31 
23 
182 
19 
11 
10,000 
2,855 
1,300 
l,g60 
1,205 
3,538 
2,273 
1,236 
917 
9,348 
890 
673 
21,800 
6,224 
2,834 
4,273 
2,834 
4,952 8,845 
3,180 5,884 
1,729 3,200 
1,283 2,374 
13,168 24,412 
1,551 3,778 
821 1,700 
32,800 87,100 
-- --
I 9,364 24,867 4,264 11,323 
-- --
I 6,429 17,072 3,936 10,452 
Investment in buildings 
and equipment 
1931-35 1937-41 1944-48 
prices prices prices 
S 4,170 $ 4,836 $ 8,382 
2,401 2,794 4,843 
1,531 1,827 3,167 
1,366 1,612 2,794 
5,356 5,975 10,361 
2,566 2,862 4,963 
1,395 1,557 2,699 
1,035 1,155 2,003 
8,183 9,138 15,847 
925 1,037 1,798 
940 1,012 1,539 
32,000 35,600 61,800 
-- --
9,136 10,164 17,644 
4,160 4,628 8,034 
-- --
6,272 6,978 12,113 
4,160 4,272 7,416 
-Feeding systems correspond to tLo.c in table 6. Sec Appendix B for dutailed description of each eystem and method of computing investments. 
<:0 
0 
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to be consumed; any farmer can easily convert these figures 
to correspond to his own situation. 
It is apparent from table 8 that alternative systems of feed 
utilization differ greatly in respect to the total capital required 
to purchase (a) the livestock and (b) the buildings and equip-
ment necessary to handle them. In addition to these investments, 
"working capital" is often needed during the production period 
to pay for feed, labor, and such miscellaneous items as veteri-
nary costs, taxes, supplies, and interest on borrowed capital. In 
the case of dairy cows these costs may be paid out of current 
receipts, but for most other kinds of livestock much of these 
costs are incurred well in advance of any returns and are really 
in the nature of investments, similar to the investments in live-
,stock. Estimates of these costs are presented in table 9. The 
values imputed to labor and feed resources used in livestock 
production in this table may, in many cases, exceed the actual 
amount of working capital required. For example, in the case 
of dairy cows, hired labor, commercial feeds, and miscellaneous 
supplies may be paid for out of monthly checks and in that sense 
involve no working capital to be supplied by the farmer. Farm-
grown feeds may involve no outlay of funds but may represent 
the postponement of income from the crops until the feed has 
been processed through livestock and the product sold. Simi-
larly, family labor used in livestock production may not involve 
a direct outlay of funds, but if alternative opportunities exist 
for the employment of this labor, the labor used during the 
production period involves a postponement of income.4o 
RETURNS ON INVESTMENT IN RELATION TO FEEDING 
SYSTEM 
Many farmers lack enough capital to consume all the forage 
produced even if the livestock system requiring least capital 
investment is adopted. If capital is extremely limited, it may 
be impossible to invest in any livestock. But it will still be profit-
able to produce forage in the complementary range even though 
the farmer can't invest in livestock to use this forage. However, 
by building up a livestock enterprise gradually it may be pos-
sible to utilize the forage profitably over time with a very small 
initial investment. As pointed out earlier, a herd of cattle, for 
example, can be accumulated over time by making a small invest-
ment in one or two heifers. 
But minimizing the capital investment is not the only or 
.0 On many farms labor used in livestock production may have no alter-
native use; the labor cost shown in table 9 may in such cases greatly over-
value the labor required to handle the livestock. SImilarly, often oppor-
tunIties do not exist for the sale of forages: In such cases computed feed 
costs may be much too high. 
TABLE 9. ANNUAL COSTS TO UTILl~E 100 TONS O}<' FORAGE WITH VARIOUS LIVESTOCK SYSTE:\fS 
IN SPECIFIED PRICE PERIODS. 
----- -- ---- - -- ------- ---- -------- --- -- ------
Labor costs Feed oost. 
Bldg. and equip. rep: and depr., 
into on inv. and misc. co~bl 
Livestock feeding system" 
1931-35 1!I37-41 1944--48 1931-35 1937-41 1944-·18 1931-35 1937-41 lY44-48 
prices prices prices prices prices prIces prices prices prices 
---------
Dairy cows (Il) high grain ..........•.. _ .................... _ ... $ 1,469 S 2,131 S 5,660 $ 3,094 $ 3,579 $ 8,457 $ 720 $ 903 $' 1,697 (b) medium high grain ........•.......... _ ..• 816 1,184 3,135 1,964 2,025 4,392 ·U6 522 !l81 
(e) ".edium high forage ............•......... 49a 715 1,895 1,181 1,142 2,413 272 341 641 
(d) high forage .................... _ ................ 423 614 1,626 863 772 1,555 240 aOl 566 
. 
Feeder ea ttle 
Feoder calvc~, high grain .. __ .... ____ ._ .. ___ .... __ .... _____ 334 485 1,284 4,900 5,610 12,942 851 1,017 1,792 
Yearling .teero (al high grain._ .............•.•......•.... 141 204 542 2 , 562 2,707 5,982 401 491 828 (b) medium forage._ .. _ ..• _ ...•.. _ .. 89 129 342 1,300 1,380 3,237 263 316 512 
(e) high forage ......•.•................... 38 56 147 977 1,009 2,369 222 265 423 
2-yr.-old steers, high grain ... _ ...............•...... _ .•... 369 536 1,420 3,640 6,296 14,628 1,301 1,572 2,808 
Beel herd (a) 400 lh. calf high forage .................... 46 66 176 54~ 528 1,304 167 212 439 (b) Calf fed out high fornge ............. _ •.• 69 82 210 713 736 1,521 213 237 383 
Hogs I. Iowa average-high grain. __ .....•.• _ ........... 9,500 13,800 3,660 39,400 123,400 291,000 18,500 20,400 33,700 
II. Drylot h"gs 
(a) aU-grain •... ___ .................•.............•. -- -- -- -- -- -- -- -- --(b) medium forage. ___ ..................... _ .. 2,998 4.340 11.506 26,494 33,089 76, Iii 6,281 6,073 10,135 (c) high forago .......... __ ....................... 1,469 2,132 5,642 12,480 15,275 34,710 2,951 3,198 4,732 
III. Pasture hogs (a) all-p:rain •. ____ ........... _ ............ _ .••.. 
-- -- --
-_. 
-- -- --
-- --
(hl medium fornge._ .................... _ ....... 2,019 2,979 7,899 17,032 21,599 52,391 4,077 4,528 7,644 
(c) high forage_ ............... _ .................... 1,350 1,968 5,208 10,621 12,420 30,000 2,652 2,940 4,992 
-Feeding systems correspond to those in table 6. See Appendix Ii for detailed desoription of feeding system., sources of data, and methode of computation. 
'No forage consumed by hogs handled according to these systems. 
to 
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('ven the most important goal. The objective is more nearly one 
of getting the greatest return per dollar of investment, and this 
need not be with the system which requires least investment 
per ton of forage consumption. A comparison of the estimated 
annual net income per $100 of investment in alternative feeding 
systems is giv\)n in table 10. In each of the three time periods 
considered hogs gave substantially higher returns per dollar of 
investment than other classes of livestock. In the 1944-1948 
period, for example, the pasture hogs receiving a moderate 
amount of forage returned a net income of $83.01 annually per 
$100 of investment. This is well above the returns obtainable 
from a similar investment in any of the other types of livestock 
considered. 
While the returns per $100 investment would be higher with 
this system than with alternative feed utilization systems, capital 
limitations alone may prevent many farmers from establishing 
a hog enterprise of sufficient size to utilize all the complementary 
forage. It was shown in table 8 that it would require an initial 
investment of $17,072 in livestock alone to establish a hog enter-
prise using this feeding system adequate to consume 100 tons 
of forage. In addition, an investment of $12,113 would be re-
quired to provide buildings and equipment for the enterprise 
where these facilities are not already provided. 
It should be pointed out, however, that returns for each 
class of livestoek were computed on the basis of average opera-
tions. As the number of hogs handled on a farm are increased, 
diminishing marginal returns are expected. Alternative live-
stoek systems offer better opportunities for investment if the 
hog enterprise is expanded too far. Oombinations of livestock 
are ordinarily more profitable than single types of livestock on 
Corn Belt farms because of considerations in labor distribution 
and related factorsY 
The information in table 10 does emphasize, however, that if 
capital is limited, hogs give a high return as a system of forage 
lltilization. While some of the systems require relatively low 
investments to consume a given amount of forage (e.g., beef 
herd systems and the high forage ration dairy system), they 
also give low returns pel' dollar of investment.42 
n The current study does not undertake to determine the optimum com-
bination of llvestock on a farm. Other studies are under way by Iowa State 
College and the Bureau of Agricultural Economics which analyze problems 
of livestock combination . 
.. The data in table 10 may, under some circumstances, underestimate 
the returns per $100 investment obtainable from feeding systems involving 
a high proportion of forage because the value of forage fed was Imputed at 
market price. If, as Is often the case, no markct exists for the sale of forage 
this Imputed value may be too high. The real cost of the forage may In that 
Case be the cost of harvesting and feeding it. Where the forage Is fed as 
pasture this cost may be very small. Livestock systems which utilize large 
quantities of pasture forage may be considerably more profitable In such 
cases than Is Indicated In table 10. 
TABLE 10. ANNUAL NET RETURNS FROM VARIOGS LIVESTOCK FEEDING SYSTEMS IN SPECIFIED PRICE PERIODS. 
- - - - - -- - -- - - - ------
Annual net inc-onte .0\ nnual net income Annual net inoome per $100 
per head per $100 investment. investment in liveBtock c 
Livestock feeding system" 
1931-35 1937-41 1944--018 193.1-3.5 I 1937-41 1944--48 1931-35 1937-41 1944-48 prices prices price3 prH'.,es prices prices prices prices prices 
Dairy cow. (a) high grain. ............ _ .. _ ...........•.. _ .•... $ 20.50 S 28.62 S 44.73 $ 12.71 $ 12.99 $ 9.88 $ 38.71 $ 31.72 $ 22.30 
. (b) medium high grain ....... _ ...... __ .... 3.91 23.44 48.39 2.42 10.64 10.69 14.87 27.13 23.73 
(0) m .. dium high forage .•.... __ ... _ ....... 
-3.45 17.18 37.62 -2.14 7.80 8.31 4.30 21.58 19.53 (d) high forage. ..... _ ...... _ .......•.............. -7.79 13.39 31.91 -4.83 6.08 7.05 -1.94 18.22 17.30 
Feeder cattlo 
Calve. (good-choice) high grain ..................... __ . 2.72 11.54 40.79 3.64 12.56 25.22 14.46 35.~ 54.57 
Yearlings (a) high grain .. _ .. _ .......... _ ...... _ ...... _ ... 
-4.58 14.24 47.97 -5.39 13.43 25.21 -.55 36.92 56.58 (b) medium forage. _____ ...........•.. _ ..... .62 22.11 60.06 .73 20.86 31.56 16.00 52.16 68.66 (e) high forage. ___ .............. _ .....•........ 2.68 18.90 66.83 3.16 17.83 35.12 22.29 47.36 75.73 
2-ycar-old steers, high grahl. __ .................•........ 8.94 11.38 17.08 9.27 9.28 7.72 43.48 21.93 18.59 
Deef herd (a) 400 lb. call, high forage. ____ ._ .•.. _ .. 
-13.40 -.81 -15.61 -13.96 -.59 -5.32 -15.18 9.67 1.48 (b) calf fed out, high fornge ....... _ .. _._ .. 
-14.31 9.14 27.64 -9.76 5.48 9.37 1.68 26.86 29.58 
-----
Hogs I. Iowa .. vernge .................•...... _ .................. .05 1.97 10.89 .92 28.80 73.08 20.18 73.17 133.75 
II. Drylot hogs 
(a) all-grain .... _ ......... _ ... _ ..... _ ..... _ ..... .81 4.28 11..';4 15.06 62.57 64.07 55.05 143.60 117.10 (b) medium forage. ___ ... _ .......... __ ..... 
.64 4.27 9.89 11.89 62.57 66.42 47.25 143.29 122.27 (c) high forage._ ..... _ •... _ ..... _ ....• _ .... _. .16 3.91 9.46 2.97 57.16 63.53 25.23 132.32 117.33 
III. Pasturn hogs 
(11) all-grnin ....... __ ..................... _ .... _ .. .17 3.39 6.48 3.15 49.56 4a.52 25.69 116.46 83.12 (b) medium fornge. ___ ...... _ •... __ ... _ .... 
-.02 2.88 12.36 -.37 42.11 83.01 16.97 100.91 lSO.63 (c) high fornge._ .. _ .. _ .... __ ...... _ .. _ .. _ ... 
-.67 1.8.5 9.79 -12.45 27.05 65.75 -12.84 6!J •. ';1 121.12 
-Feeding systems correspond to those in table 6. See Appendix B for dctailpd description, sources of data and method. of computation. 
b-Invcstment includes buildings, equipment a.nd livestock. Net income is return above all costs. 
"No cha.rgo is made Cor buildings and equipment co~ts in computing net income in this inRotance. 
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TIMING OF INVESTMENT AND RETURNS 
. 
Many farmers place a high ·premium on present income; 
they are reluctant to invest unless they' can expect quick returns. 
'l'his situation particularly characterizes beginning farmers who 
are short of capital. Other farmers can be indifferent as to the 
time span involved before returns' on new investments are real-
ized. Finally, tenant farm operators often have no assurance 
of being able to remain on a particular farm for more than one 
or two years. Unless returns on an investment can be' realized 
within that time span they may not be able to realize any return 
at alL48 Since the timing of returns is very important to dif-
ferent classes of farm oper~tors, statistics have 'been derived to 
indicate the length of time required for a capital turnover under 
the different utilization systems. These may be compared with 
the situation facing individual farmers and a course of action 
can be selected accordingly. 
The data in table 11 show the time that would be required 
to realize net returns equivalent to various percentages of the 
original investment in livestock if prices remained at their 
1944-1948 leveL In other words, it shows the length of time it 
would take to pay for the original investment in livestock from 
income remaining after paying for feed, labor, and miseellaneous 
costs of production. It is recognized that any of the livestock 
enterprises can be liquidated at any time and at least a portion 
of the investment recouped; in fact, in the case of feeder cattle 
this is done at the end of each production period. But in order 
to make a more useful comparison, the original investments arc 
assumed to be retained in the enterprises year after year and 
comparisons are made on the basis of this original investment. 
Table 12 shows the length of time required to pay for the 
initial investment in buildings and equipment as well as live-
stock out of returns above all produetion costs. The data of 
tables 11 and 12 are included for the following reasons: On 
many owner-operated farms, buildings have been provided in 
previous time periods and would stand idle if not used for live-
stock. On other farms buildings are provided by the landlord 
at no cost to the operator. In these situations the rate at which 
returns on investments in livestock are realized, as shown in 
table 11, is an important consideration. The investments in 
buildings and equipment are not relevant, however. In still other 
cases, the farm operator may not be able to· adopt the livestock 
•• Many owner operators and landlords may also plan on the basis of a 
very short span. Owner operators or landlords who are advanced in age and 
do not look forward to many additional years may take a "short-term" view. 
They may prefer to get as much income as possible in the near future to 
increase values in their estates. 
TABLE 11. PERCENTAGES OF INI'l'IAL INVESTMENT IN LIVESTOCK WITH VARIOUS FEEDING SYSTEMS THAT WOULD 
BE REGAINED IN SPECIF'IED TIME PERIODS. 1944-48 PRICES. 
Livestock fce<ling system-' 
3 months 6 months 9 month. 1 year 
Percentage regained at end of 
2 years 3 years 4 yeaJ'" 5 y<'ar8 6 years 7 years 
--% % % % % % % % % % Oairy cows 
44.60 89.20 (a) high grain. ______ ... ____ 5.56 11.15 16.11 22.30 66.90 111.40 (b) medium high grain .. ___ .• ___ 5.93 11.87 17.80 23.73 47.46 71.19 94.92 118.65 , . 
~c) medium high forage .. ______ . __ 4.88 9.77 H.65 19.53 39.06 58.59 78.12 97.65 117.18 d) high forage... ___ . ___ . ___ ...... 4.32 8.65 12.97 17.30 34.60 61.90 6!l.20 86.50 103.80 
Feeder cattle 
Good-rhoioe eah ..... high grain ... __ . 0 0 0 54.57 109.14 
Yearling .teers (a) high graill. ___ . __________ .. 0 0 0 56.58 113.16 
~) medium fOf8g6. __ . ___ • __ • 0 0 0 68.66 137.32 
c) high forag8. __ . _____ ._. 0 0 0 75.73 151.46 
2 year-old steers high grain __ .. ___ • 0 18.59 18.59 37.18 74.36 111.54 
Beef herd (a) 400 lb. calf high forage. ____ 0 0 0 1 48 2.96 4.44 5.92 7.40 8.88 10.36 (b) calf fed out bigh forag" .. _ •... __ 0 0 0 0 0 29.58 59.16 11l!.32 
Hogs I. Iowa average. _____ .. ___ . 0 0 0 136.85 
II. Drylot hogs (a) allJ[,8in._-.- _._. 0 0 0 118.60 
~b) m ium forage ... ____ . 0 0 0 120.44 01 high forage_ •. _____ . 0 0 0 114.12 
III. P .... ture hogs 
(a) all Jrain.------. 0 0 0 87.37 174.74 (b) m ium fOI'8ge ____ . 0 0 0 157.06 (e) high forage .• ___ . 0 0 0 130.31 
--_._--_ .. 
------
--_ ... 
-
------_ .. 
-Feeding systems ('orrespnnd to those in tablo 6. See Appendix B for detailed deseription of feeding systems. sources of basic data. and methode of com-
putation. 
co ,... 
,... 
TABLE 12. PERCENTAGE OF INITIAL INVESTMENT IN LIVESTOCK AND BUILDINGS AND EQUIP:\IENT THAT WOUT,D BE 
REGAINED IN SPECIFIED TIME PERIODS WITH VARIOUS LIVESTOCK FEEDING SYSTEMS AND 
TIME REQUIRED TO REGAIN ENTIRE INVESTMENT, 1944-48 PRICES. 
Percent of im'estment regained by the end of 
Livestock ieeding "<'sterno ---,------, ,---
Dairy cows ~bl ~~3i~ihighg;:;,:iU·:~::::::::::::=::::::::::::::::::::::::::::::::=::::==::::::=::::: 
(e) medium high forage ..................................................................... . 
(d) high forage ............................................... .. 
Feeder cat tIe 
Feeder calves ............................................................... _ ........................................ . 
Yedrhng steers (a) high grain. .................. _ ........................................................ . 
(b) medium forage. .................................................................... . (c) high forage ..................... _ .................. _ ............................... .. 
3 months 
2.47 
2.67 
2.0"1 
1.76 
2-year-old .tcer8 .......................... _ ........................................................................ , ... . 
Beef herd (a) 400 lb. calf, high forage ................................................................... . (b) calf red out, high forago ................................................................. . 
Hogs: I. Iowa average ................ _ .......... __ .......................................................... . 
II. Drylot hogs ~bl ~e3[~:,;\;~;-ge:::::::::::::·:::::::=::::::=::::::::::::::::::::::::::: 
(c) hig." forage. ___ ............ _ ....................................... .. 
III. Pasture hogs (a) nil grain ................ _ .................................................. . 
(b) medium forage ....................................................... .. 
(c) high foroge .............................................................. . 
oLivestock feeding systems correspond to those in table 6. 
6 month. 
4.94 
5.3'1 
4.15 
3.52 
7.72 
9 months 
7.41 
8.01 
6.23 
5.28 
7.72 
~On th~ basis of )944-48 cost and prire relationships beef herd system a would fail to cover rosts each year. 
'No returns wOllld be realized from this .ystem until the third yenr .. 
I year 
9.88 
10.69 
8.31 
7.05 
25.22 
25.21 
31.56 
35.12 
7.72 
5.32 
73.08 
64.07 
66..12 
63,53 
43.52 
83.01 
65.75 
Years required to 
regain 100 percent 
of investment 
11 
10 
12 
15 
4 
4 
4 
3 
13 
_& 
13 
2 
2 
2 
2 
3 
2 
2 
c.c 
f-" 
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enterprise unless he provides the buildings and equipment. 'rhe 
data in table 12, showing the time required to replace the total 
investment out of returns above all costs, is of interest in such 
situations. 
Tables 11 and 12 bring out differences in two important 
aspects of the timing of returns from various feeding systems: 
(1) the length of time required to replace the original invest-
ments needed for establishing the various feed utilization sys-
tems, and (2) the nature of the flow of returns over the pro-
duction period from each feeding system. On the basis of the 
assumed 1944-] 948 price relationships the tables show that it 
would take 5 or 6 years to replace the investment in dairy cattle 
and from 10 to 15 years to replace the investment in dairy cows 
at; well as the buildings and equipment necessary for handling 
them out of net returns. It would take 67 years to replace the 
original investment in beef cows for the system involving the 
production of 400-pound feeder calves. When building and 
equipment costs are included, net returns from this system are 
negative. 
On the other hand, the hog feeding systems, on the basis of 
1944-1948 prices, would provide net returns over all costs suf-
ficient to replace the entire investment in brood sows and build-
ings and equipment within 2 years. Farmers who need not 
invest in buildings and equipment in order to establish a hog 
system could replace their initial capital outlay at the end of 
1 year's operation without reducing the size of the enterprise. 
With the exception of those feeding 2-year-old steers, who re-
quire 13 years, farmers following the feeder cattle systems need 
only 3 or 4 years to replace their initial investment in buildings 
and equipment and feeders. They need only 2 years to replace 
the initial investment in livestock out 'of returns above feed, 
labor and miscellaneous expenses. 
The nature of the flow of returns over the year may be 
important to some farmers. The dairy systems provide a fairly 
steady stream of income over the year ,at weekly or monthly 
intervals. This makes it possible to pay-as-you-go for labor, 
feed, and other production expenses. On the other hand, returns 
from hogs, feeder cattle and heer cows come at widely separated 
intervals making it necessary to use some resources well in 
advance of any returns. This often makes it necessary to borrow 
money to meet . operating costs and for family consumption dur-
ing the production process. 
The procedure followed in tables 11 and 12 is useful in com-
paring the relative rate at which returns are realized on invest-
ments in alternative feeding systems for the set of price relation-
ships employed. However, it must be remembered that prices 
fluctuate considerably from year to year. Too, the period of 
DAIRY COWS 
(a) High grain 
(b) Med.-High gr.ain 
(c) M ed - High :torag~ 
(d,) High torog'e 
FEEDER CATTLE 
Calves, Gd.- Ch. 
Yeor! inqs . 
lO) H"lgh grain 
(b) Med. forage 
(cl High forage 
Two year old steers 
BEEF HERD (o)400 lb. calf 
(b) Calf fed out. 
HOGS. 
I Iowa average hogs 
II Dry lot hogs 
(a) High grain 
lbl Med~ forage 
leI High forage 
m Pastu,re h"ogs 
(o) Hi g h g r a i n 
(b) Med. forage 
(el High forage 
, 
I 
o I 
YEARS 
I L_L I 
2 3 4 5 
RECUI RED 
I 
I I I I 
6 7 8 9 
TO REGAIN 
.. 
I Years required to regain 
investment in 'livestock 
made in 1930 
, Years required to regain 
Investment in livestock 
maqe in 1940' 
•• Indefinite 
I I I I I I I I 
10 II 12 13 
LIVESTOCK 
14 15 16 17 
INVESTMENT 
Fig. 6. Years required to regain investments made in livestock in 1930 and in 1940. 
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time required for livestock to return the initial investment varies 
with the level of prices. Figure 6 illustrates the differences in 
time required to return the initial investment in . livestock with 
prices at the level of 1930 as compared to 1940. It is apparent 
that the timing of the original investment in respect to prices 
is as important as the type of livestock in determining the rate 
of turnover of capital. About three times as long a period was 
required to replace the initial investment made in each live-
stock feeding system in 1930 as was required to replace a similar 
investment made in 1940. 
RELATIONSHIP OF FEED UTILIZATION . SYSTEM TO 
RISK AND UNCERTAINTY 
Farmers often express the notion that different utilization 
systems involve different degrees of risk and uncertainty. The 
risk element is important in foragc utilization. Beginning farm-
ers, or those with low capital equities, may prefer a livestock 
system which, while it may not return as much as others, gives 
a steady return or one which docs not result in large losses. 
Farmers with ample capital may sclect one which does occasion-
ally rcsult in large losses but which rcturns a maximum over 
time. If losses are realized in one year, thcir capital position 
will allow them to remain in farming and hence gain the high 
returns in later ycars. This opportunity is not always open to 
the man short of capital. If he loses heavily one year, he may 
have to close down his business before the big rewards are 
forthcoming. 
High forage rations may involve greater risk or uncertainty 
because of (1) the greater capital invested a~ld (2) the added 
time required to produce 100 pounds of livestock or livestock 
product. This section has been included to allow some statistical 
estimation of the degree of risk or uncertainty involvcd in dif-
ferent utilization systems. Thc data are for the same livcstock 
systems as were considered above. 
F'EED COMBINATIONS AND MARKET UNCERTAINTY 
There may be little doubt that risk and uncertainty play an 
important part in a farmer's judgment of the relative desir-
ability of alternative systems of utilizing feed. All farmers do 
not rcact to unccrtainty in the same way, however. Their atti-
tudes toward risk and uncertainty may be influenced by their 
financial position, previous training or experience, and such 
personal traits as timidity, desire to gamble, and love for adven-
ture. It is perhaps generally true, however, that most farmers 
916 
are as concerned with the amount of uncertainty associated with 
alternative investments as they are with the average returns 
which can be expected for each investment over the years. Many 
farmers lack sufficient capital resources to withstand severe 
losses in anyone year. They may prefer a livestock system with 
moderate returns to another system which promises larger re-
turns over time if the uncertainty surrounding the latter is 
greater. 
How does the presence of risk and uncertainty affect the 
selection of the most desirable grain-forage combination? To 
most farmers the ideal combination would be one which gave 
the maximum profit over time and involved the least risk. Un-
fortunately a system which combines these qualities may be 
more than can be expected. Higher returns will often be at 
the expense of greater risk and uncertainty. 
As forage is substituted for grain in the livestock ration the 
length of the production process tends to increase. That is, it 
takes longer to produce a pound of livestock product by feeding 
forage than by feeding grain. Extending the time involved in 
production may have two important effects. It may cause the 
marketing of the product to fall into a period of lower seasonal 
prices. Such a problem can ordinarily be handled by a change 
in the timing of production; for example, the date of farrowing 
may be adjusted. A second possible consequence of extending 
the production period, and one that is expected, is that market 
uncertainty may be increased. As the time is increased between 
the date plans are made and the product_ sold, the chances of 
actual prices and costs deviating from those on which the plans 
were based will be increased. 
MEASUREMENT OF MARKET UNCERTAINTY 
It is apparent that the degrees of risk and uncertainty as-
sociated with different feeding systems must be compared in 
the final determination of which is the "best" system. Under 
conditions of true uncertainty, no objective measures are pos-
sible since the outcome is one of the future. How then can un-
certainty be measured? One indicator that can be employed is 
the historic variability in returns from each feeding system. 
If the returns from a particular feeding system have shown a 
great deal of fluctuation in the past, it appears likely that 
returns also will have a great deal of variation in the future 
(this procedure supposes the future to be some rough counter-
part of the past). 
Using this system of measurement, some notion of the effect 
of substituting forage for grain in livestock rations on risk or 
uncertainty can be gained from the information in tables 13, 
917 
14, 15 and 16Y These tables show the variation in income from 
each of several livestock feeding systems for the years 1917 
through 1948. Estimates of the income from the alternative 
feeding systems for each of the 32 years were made on the basis 
of actual prices for each of the years applied to the product 
produced under each system. Costs were estimated by applying 
annual prices to the quantities of the various resources used. 
Resource inputs for each system were estimated assuming present 
techniques and were held constant over time. 'l'hus thc data 
show only the variations in income which were due to changes 
in factor costs and product prices. They do not reflect the 
variations due to fluctuations in production.45 
Two aspects of the variation in income associated with alter-
native feeding systems which are of interest are (1) the amount 
of variation and (2) the manner in which incomes are distributed 
above and" beow the average. Two feeding systems may give the 
same average returns over a period of years and have the same 
amount of variation in income about the average, yet they may 
involve quite different degTees of uncertainty. Under the one 
system incomes may fluctuate between 70 percent below average 
to 30 percent above average. The other system may provide 
incomes varying between 30 percent below average and 70 per-
cent above average. Clearly the chances of big losses are much 
greater with the :first system. Also, the chances of big gains arc 
much less. 
VARIAlllLITY IN RETURNS IN RELATION TO RATIONS 
The amounts of variation in returns from the different feed-
ing systems are expressed in table 13 in terms of three separate 
measures: variance, coeffic.ient of variation, and the range be-
tween the lowest and highest returns per $100 costs. Variability 
is shown for returns for $100 all costs, returns pel' $100 feed 
and labor costs, and returns per $100 feed costs only. The vari-
ability of net returns is expressed in terms of these t.hree levels 
of costs in order to approximate more closely the situations fac-
ing individual farmers. Some farmers must provide buildings 
and equipment and must hire labor or divert labor from other 
productive uses if they are to handle any of the livestock feeding 
.. The academic distinction between risk and uncertainty is not included 
in this discussion. For detailed distinction see: Tintner. G., The theory of 
production under non static conditions. Jour. Pol. Econ .. Vol IJ, 5. 1942. 
Briefly, the distinction Is this: Any future event whose outcome is not con-
Sidered certain involves either risk or uncertainty. The anticipated outcome 
takes the form of a probability distribution of possible outcomes. Where the 
parameters of this probability distribution arc known, the situation is one of 
risk. Where these parameters are not known the situation is one of un-
certainty . 
•• See Appendix B for source of basic data and methods of computation. 
TABLE 13. VARIABILITY OF RETURNS FOR VARIANCE TYPES OF UVESTOCK FEEDING SYSTEMS 1917-48. 
-~ 
--
Return per $100 aU costs- Return per $100 feed aud labor" 
Livestock feeding systemd 
Coef. of Coef. of 
Variance: variance Range Varianf'e variance Range 
Dairy cows (a) high grain._ ... _ .......... _ ...............•... ~ 260 13.6 62.40 471 15.8 85.93 
~b) mmlillm high lO"ain ........................ 211 12.8 SO.35 357 14.5 65 .. ;9 
c) m~dium high forage ............. _ ... _. 173 12.0 43.11 280 13.2 56.02 
(d) high forage .................... ~ ............... 148 11.6 39.77 263 13.0 57.62 
-
.. 
Feeder cattle 
Fpcder cnlves_ high grain. __ ... __ .... ________ u ____________ 883 28.0 119.12 1,162 31.9 149.69 
Yearling steers (aJ high gmin._ ....... _ ...... __ ...... 1,388 35.9 186.64 1.!H4 37.0 213.22 
(b) medium f orag"-..................... 1,416 33.5 183.18 2,045 34.4 211.11 
(e) high fomge ............................ 1,873 38.2 195.58 2,766 38.6 229.35 
2-year-old sleers high forage .. ~_ ... _ ....................... 1.498 37.4 157.52 1,926 33.9 170.57 
Hogs I. Drylot (a) high grain .............................. 732 22.2 122.41 1,159 24.0 140.82 
(b) medium forage ...... _ ............. 735 22.3 123.59 1,139 23.7 142.75 (c) high forage ......... _ ................. 716 22.6 121.94 1,036 23.2 140.91 
IT. Pasture (a) high grain ..... _ ..................... 663 22.5 114.15 1,036 24.6 129.53 
(b) medium forage .................... 1,074 26.9 145.91 1,778 29.3 169.52 (c) high fornge ..... ~ ...................... !l99 27.4 138.32 1,616 29.3 163.15 
! 
------
crAll cost items (including interc.st on inYE':stment, taxes, depreciation, etc.) are considered in computing return!:! .. 
'Only feed and labor cost. included in romputing returns. 
<Feed is only cost included in computing returns. 
Return per Sloo feed' 
Coef. of 
Variance variance Range 
----
2,698 23.7 186.28 
2,117 22.4 170.80 
1.803 20.9 157.66 
2,723 23.9 171.74 
.. 
1,(170 30.6 164.32 
2,346 37.9 236.27 
2,610 :15.4 238.89 
3,189 39.2 2·15.84 
2 t 729 a8.S 234.04 
. 
1,661 25.4 155.79 
1,671 25.2 159.83 
1,615 25.2 158.97 
1,·157 26.2 ~146.31 
3,263 35.1 207.10 
2,709 32.0 202.57 
---
~--
- --
dFeeding systems ~orre"pond to those in table 6. Ree Appendix B for detailed description of each system, sources of basic data and methods of computation. 
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systems. Their costs are approximated by the total costs used in 
this analysis-they are concerned with the variability in returns 
per $100 all costs. Many, and perhaps most, farmers are in situa-
tions where costs connected with buildings, fences and other 
permanent improvements need not be considered. This is true 
where buildings are provided by someone else (the landlord) or 
have already been provided in some previous time period and 
would merely be idle if not used for livestock. Farmers in such 
situations arc primarily concerned with variability of returns 
per $100 of feed and labor costs since these two items make up 
nearly all of the costs outside of those connected with buildings 
and equipment. 
Also on many farms more labor is available than can be 
used profitably with the resourees available. Many farmers in 
such situations would be willing to handle livestock even if the 
returns to labor were very much lower than the average wage 
rate used in computing costs in this analysis. Thus on thesef'arms 
feed would be the main cost taken into account. Farmers in these 
circumstances may be most interested in the variability of re-
turns pel' $100 feed costs. 
Table 13 shows that the amount of variation in returns was 
not greatly affected by increasing the proportion of forage in 
the ration fed a particular class of livestock. Dairy cows which 
were fed only forage actually showed less variation in returns 
per $100 all costs than the cows fed the high grain ration. The 
yearling steers fed the most forage had slightly morA variable 
returns than those following the other two systems. The pasture 
hogs on medium and high forage rations showed slightly larger 
variation in returns than those given no forage. These differ-
ences between feeding systems within any class of livestock were 
not large enough, however, to be significant.46 
Skewness is also a property of the distribution of returns 
which must be examined in the ana1ysis of uncertainty. The 
data in tables 14, 15 and 16 show the skewness of income dis-
persion for each of the feeding systems. These tables show the 
number of years out of 32 (1917-1948) in which returns per 
$100 of costs fell within various ranges. The returns in table 14 
refer to returlls per $100 of all costs. Returns in table ] 5 are 
in terms of eosts for feed and labor only. Table 16 deals with 
returns per $100 of feed costs only. 
In each of these tables it is apparent that the returns were 
distributed in a remarkably even pattern above and below the 
average returns for that system. Note that the feeding systems 
•• Bartlett's test of homogeneity of variance did not show significant dif-
ferences among the variances of the feeding systems within any class of 
livestock. 
TABLE 14. FREQUENCY DISTRIBUTION OF RETURNS AND AVERAGE RETURNS PER $100 ALL COSTS FOR VARIOUS 
LIVESTOCK FEEDING SYSTEMS, 1917-48. 
Feeding systems for feeder cattle" Feeding systems for hogs" 
Rpturns per $100 all eosts· I dairy cows· Yeurlin~ steers Drylot hogs Pasture hogs Feeding systems for I I I I 
I (a) I (b) I (o) I (d) ~:i'::; l---c;;ll (b) I (e) L 2-;~::;~ld ---c;;l! (b) I (e) (a) I (b) I (e) 
Number of yoar. out of 32 
$ 0-- 19 ......... _ ....... _ ....• _ .. __ ..•... - 1 
- -
- - - -
20-- 39 ......... _ ....................•........ 1 1 1 - - - -
_. 
- -
40-- 59 .............. _ ..... _ ... __ ........ . 2 1 :) 2 - - 1 1 1 1 
60-- 79 .. _ .. _ ...........•. _ ..... _ ......•... 4 6 6 3 6 2 3 2 2 2 2 
9 6 6 9 4 3 3 6 4 7 
6 7 9 3 10 10 13 11 10 S 
2 5 2 3 9 10 7 7 7 S 
6 3 <1 ;; 4 3 3 4 5 3 
so-- 99 ..•...... _ ......................•...... 1 4 
100-119 •.•....•....•.. _ .. _................. 11 
120--139 .........•.... _ •....•.............. _.. 15 
140--159 ................• _ .......... _......... 2 
7 7 11 3 
10 17 15 12 
15 8 6 6 
4 
160--179 ..•...........•. __ ........•....... _ .. 3 3 3 2 2 2 1 - 2 
lSo--199 .... _ ........................ _ ..... _ 1 - 1 1 1 - 2 1 
200-219 ... _ ............ _ ..............•...•.. - - - - - - 1 
220--239 ...•. _ ......................•.......... 1 - - - - - -
Average relurns per $100 all costs 1$119 113 109 105 106 104 112 113 103 122 121 l1S 114 122 I 115 
'Feeding systems correspond to those in table 6 and are described in Appendix B. 
bAll cost items (including interest on investment, taxes. depreciation and miscellaneou.~ expenses). 
c.o 
t-.:l 
0 
TABLE 15. FREQUE)<CY DISTRIBUTION OF RETURNS AND AVERAGE RETURNS PER $100 FEED AND LABOR FOR VARIOUS 
LIVESTOCK FEEDING SYSTEl\'IS, 1917-48 . 
. Feeding system. for I 
Returns per $100 feed and labor~ I dairy cows· I 
______ ,---w-I (b) I (e) I (d) 
Feeding systems for feeder cattlc· Feeding systems for hogs. 
I Ycarling steers I Drylot bogs I Pasture hog., ~:r~:: (a) I (b) I (e) 2-~~:~;~ld ---c;;:)1 (b) I (e) (a) I (b) I (e) 
Number of year. out of 32 
$ 0- 19 ........................................ 
20- 39 ........................................ 1 
40- 59 ....................................... 2 1 1 
60- 79 ........................................ 3 5 1 1 2 1 1 1 2 1 1 
SO- 99 ....................................... 1 2 1 3 3 5 5 4 6 1 1 2 1 2 3 
101}-119 .............................•.......... 7 9 13 11 3 8 7 I) 7 6 4 7 13 9 10 
120-139 ........................................ 8 8 10 10 11 5 6 7 3 10 12 8 5 6 4 
140-159 ....................................... 12 13 8 8 6 1 4 1 4 4 4 7 4 3 6 
160-179 ................................ '" ...... 3 3 ;; 2 3 4 6 6 3 3 4 1 
180-199 ........................................ 1 1 1 5 4 1 1 2 3 4 2 4 
200--219 ..... "",., .. "" .. ,.""""""."., 2 I 3 2 1 3 2 
220-239 ........................................ I 2 2 
240-21;\1 ...... 
260-279 ...... 
Average return per $100 fced I 130 I 127 I 124 I I 118 I 131 I 13G I I 142 I 142 I 139 I 131 and labor. __ ._ ..•. _ .... _._ .. _ ... _ .... 1$137 120 129 I 144- I 138 
-Feeding .ystems correspond to tho.e in table 6 and aro doscribed in Appendix B. 
bFeed and labor are only cost items considered in computing returns. 
CO 
~ 
f-'o 
TABLE 16. FREQUENCY DISTRIBUTION OF RETUltNS AND AVERAGE RETURNS PER $100 FEED FOR VARIOUS 
UVESTOCK FEEDING SYSTEMS, 1917-48. 
Returns per $100 leed b 
Feeding systems lor 
dairy CO\\"SII 
Feeding ~y.tems for feeder cattle" J Feeding systems for hogs· I Yearling steers I 1 Drylot holtS I Pasture hogs Feeder (.;)1(i;)1(c) 2-~~!;~ld W-1(i;)1(c) W-I (b) I (o.) calves 
________ 1 (a) I (b) I (c) L (d) 1 1_ 
Number of years out of 32 
s 0- 19 .. __ .. __ .......... __ ... __ ..... . 
20- 39 ......... _ ................... _ ....... . 
40- 59 .... __ ........... _"' __ "'_"'_' 
60- 79 ..•... ____ ... _ ... __ .•. __ .•.•.. 
SO- 99. •. _ ..... _ .. _ .•....•...... __ •.•.. 
100-119 .. __ ... __ ..... _ ... __ ..... _. __ . 
12!}-139 .... _ ... _ .....• _ .. ___ ........ _... 2 
140-159 .... _ .. _ ............ __ ... __ ...... 2 
160-179 .. __ ... _ ... __ .. _ ... _ ....... _... 6 
ISo-I99 .. _ ..... _ .......... __ .•... _ ... _... 1 
200-219 .. __ ..... _ ........ ___ ... __ ...... 7 
220-239 .... _ ... _ ..... _ ... _ ..... _........ 3 
240-259 .... _ ... _ .•................. _........ 1 
260-279 .... _ ..... __ .... _ .. __ ... _........ 4 
280-299 .... _ ... __ ...• _ ...... _............. 5 
300-319 ...... _ ... _ ..... __ ... _............. 1 
2 
3 
6 
3 
6 
5 
2 
3 
1 
1 
2 
4 
6 
4 
6 
4 
1 
3 
2 
1 
4 
1 
9 
4 
4 
2 
2 
2 
3 
Average return por $100 leed. ____ .. .1$219 I 206 I 203 I 218 
1 
3 4 
4 5 
!! 5 
7 7 
6 3 
6 1 
2 5 
1 
-
134 127 
·Feeding systems correspond to those in table 6 and are described in Appendix B. 
bFeed is only item of cost considered in eomputing returns. 
1 
1 1 
1 1 
6 3 5 
2 5 7 
9 7 3 
3 2 5 
3 3 4 
3 4 1 
2 1 1 
2 2 2 
1 1 
1144 1144 136 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 7 4 4 
S 9 9 8 6 9 
S 5 5 5 7 3 
4 6 6 3 !! 3 
2 2 3 3 2 3 
3 3 3 4 4 2 
4 4 3 3 
3 2 
2 1 
160 162 159 146 163 162 
<:.C> 
~ 
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which showed somewhat greater variability within each class of 
livestock in table 13 show no greater chances of loss but show a 
somewhat greater chance of high returns. 
The information in these tables suggests that the uncertainty 
surrounding a livestock system is not appreciably affected by the 
substitution of forage for grain in the ration. Ruling out dif-
ferences in degree of uncertainty as an important factor in 
determining the proper feed combination for a particular 
class of livestock the problem of choosing the ration is greatly 
simplified. 
VARIABILITY IN RETURNS IN RELATION TO KIND OF LIVESTOCK 
It is also useful in dealing with the problem of feed utili-
zation to compare the variability of returns from alternative 
kinds of livestock. The data in tables 13, 14, 15 and ]6 indicate 
that there were considerable differences in income variation 
among the various classes of livestock. First, consider the varia-
tion in returns per $100 all costs (tables 13 and 14). The amount 
of variation was clearly less for dairy cattle than for hogs or 
feeder cattle. However, the frequency with which losses occurred 
(returns were less than $100 per $100 of costs) was less and 
maximum losses were only a little greater for hogs than for dairy 
cows. High returns occurred much more frequently w-ith hogs. 
In other words, the chances of loss were very little greater for 
hogs than for dairy cattle while the opportunity for \urge gains 
was considerably greater with hogs. 
A comparison between hogs and feeder cattle !;hows con-
siderably less variation in returns from hogs. The chances of 
heavy losses were larger with feeder cattle. The opportunities 
for large gains were about equal for the two classes of livestock. 
A comparison of returns per $100 all costs between dairy cows 
and feeder cattle shows that the chances of heavy losses and 
great gains are both very much greater for feeder cattle. If the 
objective is primarily (me of minimizing the chances of loss, hogs 
appear to be the most desirable livestock to raise. Feeder cattle 
would be the least desirable choice. 
It is apparent from table ]5 that the variability of return!'! 
per $100 feed and labor is somewhat greater for all livestock 
feeding systems than when all costs are considered. The pattern 
of the variation is very much the same, however; there still 
appears to be no relationship between the variability 01 returns 
and the substitution of forage for grain in the livestock ration. 
A comparison of the variability of returns from different 
systems on the basis of feed costs is made in table ] 6. On this 
basis the risk of losing money on dairy cattle is much less than 
for either feeder cattle or hogs. Even in the poorest years dairy 
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cows returned more than $20 above each $100 worth of feed fed. 
Feeder cattle failed even to cover feed costs in 6 to 10 of the 
32 years. It seems that many farmers might consider the un-
certainty associated with alternative livestock enterprises in 
these terms. When family labor is plentiful and has little other 
opportunity for profitable employment, a""l{)w return to labor 
may be a small risk as compared with the possibility of not being 
able to meet feed costs. 
ADJUSTMENTS TO CHANGING PRICE RELATIONSHIPS 
The comparison of the degrees of variability (uncertainty) 
associated with alternative feeding systems has been made on 
the assumption that a particular feeding system is followed 
consistently through time. Actually farmers need not follow 
the same system year after year. They may alter the proportion 
of forage in the ration from time to time. Also, there is often 
some opportunity to shift from one kind of livestock to another. 
However, once investments have been made in specialized build-
ings, equipment or fences it may be difficult or expensive to 
adapt thcse facilities to other kinds of livestock. Specialized 
knowledge and skills may be required for handling a particular 
kind of livestock which also deter farmers from changing from 
one class of livestock to another. On the other hand, it is usually 
quite easy to change from one ration to another. Ohanges can 
be made quickly and usually without much alteration in facil-
ities. 
ADJUSTMENTS BETWEEN ENTERPRISES 
The uncertainty involved in making investments for build-
ings, equipment and other facilities is great. Many of these 
investments extend many years into the future. Facilities for 
handling different classes of livestock are more or less E:pecialized 
and often difficult to adapt to other uses. It follows that not 
only arc priee and cost anticipation for several years ahead sub-
ject to a great deal of error, but also it is often difficult to 
reverse decisions based on these expectations. For example, 11 
farmer may believe that dairy products will bear such cost and 
price relationships in the next 10 or 20 years that it will be 
profitable to build a dairy barn, buy the necessary equipment, 
and stock his farm with a herd of good quality dairy cows. He 
may find a few years hence that his anticipations were wrong 
and that feeder cattle, or hogs, or beef cows show much better 
prospects for profit. At this point it is not easy to turn back, 
however. The facilities and equipment used in dairy production 
are not well adapted t{) the other kinds of livestock. Oonsiderable 
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investment may have gone into building up a herd. It may not 
be possible to recoup all of the investment in the dairy herd and 
to expand the hog or feeder cattle enterprises instead.47 
'ADJUSTMENT BETWEEN, RATIONS 
While it may not be feasible to change from one kind of 
livestock to another from year to year, adjustments nre possible 
within a particular class of livestock without much difficulty or 
expense. The amount of forage in the ration for each class of 
livestock can be varied within wide ranges. The feeder cattle 
system can be varied in several ways. One can ~hift from 
yearlings to calves or 2-year-old steers or from choice feeders to 
medium feeders without much difficulty. Even within a produc-
tion period, up to the time the livestock is marketed, adjust-
ments can be made in the feed combinations fed. Uncertainty 
as to the cost relationships tends to decrease as the date of sale 
of the livestock products approaches. Estimates of milk prices 
used in deciding to build the dairy barn may differ widely from 
the actual milk prices received during the lifetime of the barn. 
But one can estimate almost exactly the price which will be 
received for the milk produced from the hay and grain fed to 
a cow today. Thus, price estimates formed at the beginning of 
each production period are likely to he a great deal mme accurate 
than the estimates of prices over a long period of years which 
are the basis for a decision to establish a particular livestock 
system. 
If expectations are formed correctly at the beginning of 
each production period it would of course pay to adjust the 
feeding system for each class of livestock in accordance with the 
principles set down in previous sections. That is, if the price of 
forage was expected to decline relative to grain it would pay 
to follow a ration which included a higher proportion of forage,4s 
Table 17 shows how returns over the years could be increased 
by making such adjustments from year to year. 
The pasture hogs provide a good example. No single feed 
combination was most profitable in all of the 32 years. Hogs fed 
no forage were most profitable in 9 years; those fed a moderate 
amount of forage proved most profitable in 18 years; and those 
fed a larg~ proportion of forag~ gave highest returns above 
costs in 5 of the 32 years. If expectations were formed correctly 
(1 It is possible to plan the facilities to permit greater flexibility between 
enterprises. Ordinarily. the more suited facilities are for a particular live-
stock, the less flexible is thcir usc. Flexibility will often bc achicved at the 
cxpcnse of somewhat Icss efficient production for anyone entcrprlse . 
•• Adjustments in the ration from time to time during the production 
process (as estimates of cost relationships are revised) are possible also. 
TABLE 17. COMPARISON OF RETURNS FROM ALTERNATIVE FEEDING SYSTEMS. 
-- -- - ----
Feeding systems for I Feeding systems for feeder cattle" Feeding systems for dairy CO\\~'JQ. Yearling steers pa ~ture hog,sa. 
------------ Feeder --------- 2-year-old ---------(a) (b) (0) (dl calves (a) (b) (e) steers (a) (b) (e) 
------ -------------------
Years high ill return abo,pe all costs. ___ . ____ . ___________ ... _._ .... ___ ... 25 2 1 3 8 0 4 9 12 9 18 5 
Years: low iu retu!'n~ above 311 costs. _____ ... _________ ... _____________ .. 4 0 2 26 3 10 0 3 15 16 2 11 
Year~ returns below all costs. ____ ." .. _________ . ____ . ________ . _______ ._ 4 6 7 11 10 17 13 12 18 9 7 10 
Year. return. below feed and labor coste ..... _ ................. _._. 1 2 1 3 8 11 7 7 10 3 3 ·1 
Year. return. below feed r08ts ............ _ ...... _ ...... _ ................. 0 0 0 0 8 10 7 6 8 2 2 2 
\ , I \ , I '--r-----' 
Years returns for all systems in grOIl!) below all rosts ... _ ... 2 7 6 
Average return. per $100 all costs b •••• _ ••• _ ••.• _ ••• _ ............ _ •••• 5121 5132 $124 
Yeara returns for all systems below feed and labor costB._. 1 3 3 
A verage returns per .,100 feed and labor •. ___ ...... _ .... _ ... _ .. $141 $158 $145 
Years return for all systems below reed rostB. ____ .. _ .. __ ..... 0 :l 2 
Average returns per $100 feed •. ____ .. _ ... _ ............. ___ ... _. $240 SliO $168 
oFeeding oysterns eorrespond to those in table 6 and arc described in Appendix B. 
'Average returns if most profitable feeding BY' tern for tbat kind of live.lock followed l'aoh year rather than following a s;ngIe feed combination year after 
year. 
~ 
I\:l 
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by weaning time and the optimum feed combination selected 
accordingly, the profits from the hog enterprise would have been 
greater than if anyone of' the three feeding systems had been 
followed consistently year after year. In this case the returns 
per $100 of all costs would have averaged $124, slightly higher 
than the $122 which would have been realized if the ration eon-
taining a moderate amount of forage (system b) had been fol-
lowed consistently. 
The average returns to dairy cattle would have been in-
creased from $119 to $121 per $100 all costs by adjusting to the 
most profitable ration instead of following the high-grain ration 
year after year. 
~'he greatest advantage in making year-to-year changes 
would come with feeder cattle. By selecting the most profitable 
of the five systems each year returns would have averaged $132 
per $100 all costs as compared with only $113 if the one most 
profitable system (yearling steers on a high forage ration) had 
been followed every year. Also, the number of years in which 
returns failed to cover all costs would have bcen rcduced from 
12 to 7. The number of years in which returns would have 
been illsufficien t to c{)ver feed costs would have been reduced 
from 6 to only 2. Unfortunately, the possibility of anticipating 
price relationships correctly at the beginning of the feeding 
period is undoubtedly much greater for feeder cattle than for 
hogs or dairy cows. 
On the basis of these data it appears that, f{)r those farmers 
who are able to do a good job of predicting prices and cost 
relationships, there may be a substantial advantage in adjusting 
the feeding system for feeder cattle each year in accordance 
with expectations. Persons who are not able to estimate future 
price relationships very well would probably be better off by 
following the system consistently. Dairymen and hog producers, 
according to these data, would find only a small advantage in 
changing their feeding systems from year to year even if they 
were able to prcdict future cost relationships quite ~ceurately. 
It should be reeognizcd, however, that the alternative feeding 
systems considered here represent rather widely separated points 
on the iso-product curves discussed earlier. It is possible that 
the most desirable combination, fr·om the standpoint of profit-
ability and risk 01' uncertainty, may differ from any 01 the 
feeding systems considered here. 
ADJUSTMENTS IN LEVEL OF PRODUCTION 
Thc foregoing analysis has been concerned with the selection 
of the best feed combination for given levels of livestock pro-
duction. But along with selecting the optimum grain-forage 
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combination the farmer must decide whether to feed his dairy 
cows to produce 7,500, 8,500 or 10,000 pounds of mille He must 
decide whether to sell his hogs at 200, 225 or 250 pounds. The 
most profitable level of production depends on the price of the 
product relative to the prices of the production factors and on 
the response in production to the application of successive units 
of the productive factors. 
More precisely, the most profitable level of production is 
attained when the eost of adding the last pound of livestock 
product per animal is just equal to its price. Any change in 
either the price of the product or the cost of the "factors of 
production will alter the optimum level at which to produce. 
Since price and cost relationships are continually changing, 
selection of the level of production involves considerable risk 
and uncertainty. 
As the production process progresses a farmer may con-
tinually revise his estimates of prices in rclation to costs, and 
right up to the time of sale he may make some adjus1ments in 
the level of production. For example, when his hogs reach a, 
weight of 200 pounds he can decide whether or not it will pay 
to carry them to heavier weights. The closer he comes to the sale 
date the better his estimates of prices will be; but even then it 
is impossible to predict exactly the price which will be obtained 
on a particular day, since the day-to-day variations in prices 
are often quite large. Nevertheless, since additional information 
is ordinarily obtained as the production process progresses, esti-
mates of expected price-cost relationships, and consequently the 
planned lcvels of output, are constantly being revised. With 
each revision of the planned level of production the forage-
grain combination in the ration might need to be adjusted if 
rates of substitution between feeds or the risk and uncertainty 
associl:ited with various rations are significantly altered. 
The greater these day-to-day variations in price5 are, the 
more difficult it becomes to make optimum adjustment of live-
stock rations and levels of production. From this standpoint it 
appears that propel' adjustments are more easily made with 
dairy cows than with other feed utilization systems. Not only 
is the time span between the time of feeding and the sale of 
the product much shorter in the case of dairy cattle, but also, 
the day-to-day variations in butterfat prices are very small rela-
tive to those of beef and pork. 
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APPENDIX A 
As was indicated in the text of this study, the empirical 
estimates of feed contours and substitution rates appear to be, 
about the best which can be derived from existing experiment~l 
data. A large number of animal nutrition studies in the United 
States attempt to establish or suggest feed substitution or re-
placement rates. However, the data from these studies have 
the limitations outlined below when interest is in estimation or 
derivation of substitution relationships per se. 
The livestock production process might be presented (for 
the sake of simplicity) as involving three variables (Y or total 
output per animal and Xl as forage and X 2 as grain input per: 
animal). The process can then be indicated as a production sur-
face such as that indicated in the figure below. The vertical, 
or Y axis, can be taken to indicate output per animal while the 
Xl and X 2 axes suggest how forage and grain input can be 
increased. The output per animal can be held at some fixed level 
such as that indicated by the contour abo This same level of pro-
duction can be attained by feeding more hay and less grain or 
vice versa. (Curve ab is the parallel of the feed combinations or 
product contour cur.ves presented in figs. 1, 3, 4 and 5 of the 
text.) An experiment in milk production aimed at establishiug 
substitution rates alone would thus hold milk per cow constant 
while varying feed combinations around contours such as ab 
and edj or several contours between ab and ed could be esti-
mated if enough cows were available. The resulting data would 
then allow estimation of that entire portion of the production 
surface such as abed or any single contour within this range. 
Similarly an experiment with hogs, cattle or sheep might start 
all animals at a weight such as that suggested by contour abo 
With different rations such as a, c, {, g, and b fed, the animals 
might be carried to the same 
weight such as that indicated 
by contour bd. These data 
would allow estimation of the >-
average of the contours over 
the abed portion of the pro- -
duction surface. IE measure- 0 
mcnt of feed intake were -; 
taken at equal weight inter- a. 
vals between ab and ed, the 
entire portion of the produc- 0 
tion surface as well as any 
single contour (of the com-
plete family of contours) 
might be derived. 
o Input of X 2 
Fig. A. A production surface. 
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The design of many feed studies does not directly provide 
an estimate of a contour such as ab or a portion of the produc-
tion surface such as abed, however. The dairy study cited as 
well as others dealing with feed replacement may more nearly 
trace out a line such as ad. -When cows are given additional 
grain and are allowed to select their own forage, two things 
tend to happen: (1) the cow eats more grain and less forage 
(a movemcnt from left to right on the production surface) and 
(2) output per cow increases (a movement upwaru between 
ab and ed) because the capacity oJ' the cow's stomach becomes 
less of a limiting factor in milk production. (The concentrated 
grain feeds which she consumes contain a greater amount of 
feed nutrients and energy value than an cquivalent volume of 
hay.) Thus, the curve traced out may be neither a true substi-
tution contour nor a true input-output relationship (relation-
ship of milk output to feed input as the latter is varied with 
feeds held in fixed proport ions) but tends to confound the two. 
The Jensen study was designed as an input-output relationship 
study (estimation of a curve such as bd) but more nearly gives 
the line ad for all cows in the study. The sample of dairy cows 
included in this study gives a set of observations over a range 
of the surface such as abed if ab is taken to represent 8,500 
and ed is taken to represent 9,500 pounds of milk per cow. 
However, it is possible that confounding of the relationships 
has not been entirely removed. Even then, the estimates appear 
as useful as any that can be derived from existing experimental 
data. Too, the information on feed replacement rates to be 
found in bulletins and pamphlets from the various states prob-
ably includes a much greater confounding of relationships than 
those included here. One additional consideration in respect to 
table 2 is this: It is possible that the observations for each cow 
fall along the "stomach limit" line such as ad above. Because 
of differcnccs in individual cows, the linc ad may occupy different 
positions left to right on the production surface. If milk is then 
held at a constant level, the iso-product contour traced out, if 
all cows consume at stomach limits, may thus confound indi-
vidual cow capacity with feed substitution. Also, feed substitu-
tion may take place only within the range of definite expansion 
paths.48a 
Experiments with meat animals bring about a confounding 
of the substitution contour and the input-output relationship 
when the animals are not carried to the sume weight. For 
example, suppose three lots of hogs or cattle are started at the 
same weight (indicated by contour ab in figure A) and arc fed 
rations indicated at e, f and g. Now if the first lot is finished at 
< •• For added detail on this point see Heady. Earl O. Chapter 5, Economics 
of agricultural production. Prentice-Hall. New York. 1952. 
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a weight indicated by the level of m, the second at n and the 
third at r, the two relationships arc again concerned. Since 
ration t' involves a heavier weight than nand m (and n involves 
a heavier weight than to), the differences in feed consumption 
are due to (a) the diminishing productivity of a single feed 
combination as it is transformed into a product as well as (b) 
the diminishing rate of substitution of one feed for another for 
a givcn level of output. 
In the analysis of this study, an attempt was made to find 
cxperiments which either (1) carried animals through the same 
weight interval (as from ab to cd) and hence allowed estimation 
of the average of contours or (2) gave fecd records over a wide 
range of weight intervals and hence allowed estimation of the 
production function or surface. Again, as in the case of milk 
production, a complete elimination of the confound:ng of the 
substitution and transformation relationships may not have 
been possible. Yet as in the previous case, the statistics provided 
here are better estimates than those published results on feed 
replacements which do not recognize the confounding effects 
which they contain. The greatest majority of feed replacement 
data to bc found in the literature include confounding effects. 
APPENDIX R 
BASIC DATA USED IN COMPUTING COSTS AND RETURNS FROM 
VARIOUS LIVESTOCK SYSTEMS 
Estimates of physical data for computing costs and returns from 
alternative livestock systems were obtained from published and un-
published results of studies conducted by the United States Depart-
ment of Agriculture, Iowa Experiment Station, and several other 
agricultural experiment stations. In some ca!3es the various sources 
differed considerably in their estimates of input requirements; the 
estimates used were the ones which in the judgment of the authors 
most nearly represented requirements under present Corn Belt condi· 
tions. The data used and the method of computation followed in 
deriving the annual cost and returns estimates for each livestock 
system are described in the following sections. 
COSTS AND RETURNS FROM ALTERNATIVE DAIRY 
COW FEEDING SYSTEMS 
Each of the four dairy cow feeding systems considered in this study 
is based on the study by Einar Jensen, T. E. Woodward et al. of the 
U. S. Department of Agriculture!" The high·grain system (system a) 
corresponds to level of feeding 13. The medium-high grain system 
(system b) corresponds to level of feeding 9; the medium-high forage 
•• Jensen, E., T. E. \Voodward et aI. Input-output relationships In milk 
production. U.S.D.A. Tech. BuI. 815. 1942. 
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system (system c) corresponds to level of feeding 5, and the high· 
forage system (system d) is representative of level of fepding 1, as 
discussed in table 27 of the Jensen·Woodward publication. 
Costs of production per cow were considered to be the same for 
each system of handling except In respect to labor and feed costs. A 
summary of the costs included in the computations follows. Miscel· 
laneous costs (including grinding, veterinary expenses, cow testing 
association dues, supplies, and repairs), were based on estimates 
given in Iowa Agricultural Research Bulletin 278."0 The figure $6.93 
was used as the miscellaneous cost pel' cow for the year 1948. This 
was adjusted for the other years (1917-47) by the Index of prices 
paid by farmers for supplies." The investment In silo, fences and 
bulldlngs per cow was also based on Iowa Experiment station Re· 
search Bulletin 278. The figure $234.14 was used for 1948. This was 
adjusted by the index of building costs"' for each of the other years. 
Interest on this investment was computed on the basis of 4 percent. 
Depreciation was figured at 3 percent. 
Investment requirements per cow in dairy equipment (including 
milking machine, Eeparator and miscellaneous equipment) was figured 
at $12.09 for 1948 and adjusted by the index of farm machinery costs" 
for the preceding 31 years. Interest and depreciation on rlalry equip-
ment were each computed at 6 percent. 
The annual Iowa average price of good milk cows was used as the 
investment per cow in dairy cows each year. Replacement stock was 
figured on the basis of one·third of a calf and one·third of a yearling 
per cow, with a total value of 20 percent the value of a dairy cow. 
The value of the bull per cow was computed at 10 percent of the value 
of the cow." Interest on the investment in cow, bull, and replacement 
stock per cow was figured at 6 percent. 
Labor requirements varied with the feeding system on the basis of 
milk production."" The amount of labor required for handling the bull, 
replacement stock, and calves sold was figured at 6 days per cow for 
TABLE BI. QUANTITIES OF VARIOUS RESOURCES USED PER COW UNDER 
ALTERNATIVE FEEDING SYSTEMS." 
Dairy cow feeding system 
Item --._-----,------(a) (b) (e) Cd) 
----.---------- - --------....;..-·-1'----
I.abor, daye ....................•..•................. 
Grain, bu .•............ ~ .................... ____ ... _PO 
Hay, tons •. _ ...... _._ ................... _ ........ . 
Pasture, acres •... " ... ,., .... _ .. _ .............. .. 
Protein, supplement cwt .................... . 
20.0 
105.1 
1.1 
.44 
3.66 
1!1. 'I 
73.0 
2.8 
.44 
3.43 
18.3 
40.8 
:1.2 
1.21 
3.15 
17.6 
8.7 
3.2 
1.53 
2.5 
OFeed requirement. are based on Jensen at aI., op. cit. (.ee table 27). System a correspond. 
to level of feeding 13, oy.tem b correspond. to lo\'e! 9, system c correspond. to level 6, and 
8y.tem d correl!pond. to lewl 1. 
.Includes cow feed plus bull and young .tock feed per cow. 
60 Buck. R. K.. J. A. Hopkins and C. C. Malone. An economic study of 
the dairy enterprise In northeastern Iowa. Iowa Agr. Exp. Sta. Res. Bu!. 278. 
1940 • 
.. Agricultural statistics. U.S. Dept. Agr., Bur. Agr. Econ. 1936-50 . 
•• Ibid • 
•• Ibid . 
•• Buck. Hopkins and Malone, op. cit . 
•• Ibid. 
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TABI,E B2. PRODUCTION OF BUTTERFAT AND SKIMMILK PER COW FOR 
SPECIFIC DAIRY COW FEEDING SYSTEMS.-
Dairy cow fceding sy,tem 
Product 1--------·1-------- ,--------
(b) (e) (d) (a) 
Butterfat., lb.......................................... 389 
Skimmilk, cwt....................................... 99.8 
-E. Jen;en, T. F.. Woodward et aI., op. cit. 
374 
93.5 
323 
1'10.1 
258 
64.0 
each system.·· The total days of labor required per cow for each system 
(see table B1) were multiplied by the Iowa annual average daily 
wage rate (without board) 57 to get labor costs per cow. 
Feed inputs also varied with different systems, as shown in table 
BI. Grain costs were computed by multiplying grain fed per cow 
under each system by the price of corn the preceding October"· Hay 
costs were found by multiplying the tons of hay fed by the price of 
alfalfa hay the preceding November.·· An annual pasture charge per 
acre was computed on the basis of annual cash rents and crop yields. 
These pasture charges were then applied to the acres of pasture used 
per cow. Costs for protein supplement were based on the price of 
cottonseed meal the preceding December.o• 
Gross returns from dairy cows include returns from butterfat pro· 
duced, the value of skimmilk produced, the value of calves sold, and 
the gain in value of replacement stock. The gain in value of the 
replacement stock per cow for each system was estimated as 25 percent 
of the value of one dairy cow. Beef produced (calves sold) was esti· 
mated on the basis of 200 pounds of beef sold annually per cow for 
each system. The Iowa farm price"l of medium grade feeders in 
October was used to get the annual value of beef produced for sale. 
The annual production of butterfat and skimmilk per cow was dif-
ferent for each system (see table B2). The pounds of butterfat per cow 
was multiplied by the annual average price of butterfat in Iowa."" 
The value of skimmilk was figured on the basis of 100 pounds of skim· 
milk being worth 30 percent of the price of a bushel of corn. 
COSTS AND RETURNS FROM ALTEHNATIVE FEEDER CATTLE SYSTEMS 
Costs and returns for five distinct fee>der cattle systems were com· 
puted. One system was to purchase in October good-choice calves weigh· 
ing about 440 pounds, winter them, and then feed them ont in drylot 
for sale as choice cattle in August at a Weight of 1,000 pounds. Feed 
•• Ibid. See also Cunningham, L. C. Costs of raising dairy heifers in New 
York. N. Y. Agr. Exp. Sta. Bul. 807. 1944. 
51 French, B. and W. Chryst. Prices affecting Iowa farmerR, 1910-1949. 
(l\Hmco.). Dept. Econ. and Soc., Iowa State College. 1950 . 
• 8 Ibid . 
•• Ibid. 
60 Ibid • 
• 11\fonthly average at Chicago adjusted for transportation and commission 
costs. Source: Livestock meat and wool statistics, U.S.D.A. 1933-48 . 
•• French and Chryst, op. cit. 
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requirements for this system were based on Iowa Agricultural Experi· 
ment Station and Extension Service Bulletin P 99.63 
Another system involved the purchase of choice 2·year·old steers 
weighing 800 pounds in August. These were pastured about a month 
in the fall, then put in drylot and finished to choice cattle weighing 
1,150 pounds in January. Feed requirements for this system were 
adapted from Iowa Bulletin P 99.64 
Three systems of handling yearling steers were considered. These 
systems were based on 5 years of experiments by the Iowa Agri· 
cultural Experiment Station in Page County, Iowa.·' Choice feeders 
weighing an average of 610 pounds were purchased in November. All 
.vere wintered on the same ration to gain about 1 pound per day. In 
May they were separated into four lots. One lot (system a) was placed 
in drylot and fed to a choice finish in October at a weight of 1060 
pounds. A second lot (system b) was pastured 60 days, placed on full 
feed on pasture for an additional 90 days, then finislH:!d in drylot 
for sale as choice cattle weighing 1120 pounds in October. A third 
group (system c) was put on alfalfa·bromegrass pasture in May and 
grazed continuously for about 130 days without any grain feeding. 
The pastures were subdivided into three parts and the cattle rotated 
on the three areas at 2· to 3·week intervals. After 130 days on pasture 
they were placed in drylot, brought to full feed, and finished to choice 
cattle weighing 1135 pounds in December. The fourth group, which 
was not considered in this study, was handled in a manner similar 
to system c except that the cattle were not rotated on pasture. 
In computing annual costs and returns from the different feeder 
cattle systems the following procedures were used: The initial cost 
of the livestock sold in a particular year was computed by multiplying 
the purchase weight by the average Chicago price of the particular 
grade of feeder cattle in the appropriate month of the preceding year,'· 
adjusted for transportation and commission costs. The value of steers 
at the end of the feeding period was based on sale weight and the 
average Chicago price," adjusted for transportation and commission, 
for the appropriate grade and month of sale. 
Investments in buildings and equipment per head were computed 
for 1948 on the basis of current costs of building materials and labor 
required to provide the minimum housing for each system of handling 
the feeders. These figures were adjusted for the other years by the 
index of building costs.·· Interest on the investment in livestock was 
figured at 6 percent (per year) of the purchase value adjusted for the 
length of time the livestock were on the farm. Taxes were computed 
at 1.1 percent of purchase value. Insurance was figured at .4 percent 
of purchase value. 
Feed requirements per steer under each system of feeding are 
shown in table B3. The value of feeds per head was computed on 
the basis of the average Iowa price of corn the preceding October, the 
.3 Beresford, Rex. 151 questions on cattll'l feeding and marketing. Iowa 
Agr. Exp. Sta. and Ext. Service Bui. P 99. 1949. 
oi Ibid • 
•• See seventh annual report Soil Conservation EXperimental farm. Page 
County, Iowa. 1950. Iowa Agr. Exp. Sta. and Agr. Ext. Service. FSR 38, 
1951. 
66 Livestock, meat and wool market reviews and statistics. Vol. 1-16. 
1933-48 • 
• 7 Livestock, meat and wool market review and statistics, U.S. Dept. Agr. 
1.933-48 . 
•• Agricultural statistics. U.S.D.A., Bur. Agl'. Econ. 1936-50. 
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TABLE B3. FEED, LABOR AND CERTAIN MISCELT.ANEOUS REQUIREMENTS 
PER STEER FOR SPECIFIC FEEDER CATTLE SYSTEMS. 
Choice Yearling steers 2-year-old 
Hem calves Ateers (a) (b) (0) 
Corn, bushelso ___ ._._ ... _ .• _._._ ..... 63.00 53.71 47.46 37.0 48.0 Hay, lon."_._ •. _ .• __ ..•..• _._ •. __ • 
.70 1.50 1.24 1.32 .48 
Pasture, aeresG ••••• __ •••••• _. ___ • .06 .11 .90 1.39 .03 
Protein supplement, cwt ". __ ._ 2.6 1.48 .38 .73 1.7 Labor, daysb. _____ . __ .... _____ 1.74 1.53 1.90 1.09 1.26 Veterinary c. ____ .. _ .. _ ... _._ ..... _ .. 
.18 .18 .18 .18 .18 
Value tractor and horse !abord •• _. 7.79 3.23 5.70 7.26 7.10 
Investment in bldg. and equip ...... 115.0 115.00 115.00 115.00 125.00 
.>l.nnual bldg. and !'quip. COllt.· ._. Vl3 3.33 3.33 3.33 3.33 
Death los., pereent ................ _ ... _ .. 2.5 1.5 1.5 1.5 1.5 
"Based on Seventh annual report Soil Conservation Experimental Farm, Page County, 
Inwa, 1950. Iowa Agr. Exp. Sta. and Ext. Service FSR 3R, 1951. 
bBascd partly on Wilcox, R. H. et al. Co.t. and methods of fattemng beef cattle in the 
Corn Belt 1919-23. U.S.D.A. Tech. Bul. 23, 1927. 
cFigures shown are for 1948. Previoue years adjusted by index of daily wage rate (US 
DA,BAE). 
-Figures shown are for 19·18. Previons years adjusted by index of machinery cost. (USDA, 
BAE). 
'Figures shown are for 1948. Previous years adjueted by index of building costs (USDA, 
BAE). 
price of alfalfa hay the preceding November, and the price of cotton· 
seed meal the preceding December.·· Pasture was evaluated on the 
basis of the current annual value of pasture per acre. 
The value of labor per head. was computed by multiplying the Iowa 
average daily wage rate each year (without board)70 by the days of 
labor required under each system. 
COSTS AND RETURNS FROM BEEF COWS 
Two systems of handling beef cows were considered. The difference 
between the two systems is in the disposition of the calf crop. Under 
system a the calves were sold each fall at a weight of 400 pounds as 
good·choice feeder calves. Under system 11 the calves were wintered 
through the first winter, pastured the following summer and fall, 
wintered through the second winter, and grazed through part of the 
following summer. They were then fed out in drylot from July to 
October and sold as good grade cattle weighing about 1,200 pounds. 
This latter system of handling the calves follows system l' described 
in Missouri Agricultural Experiment Station Bulletin 466." 
Costs and returns per cow under syf1tem a are considered first. 
The investment per cow in beef cows was found by multiplying the 
average annual Chicago price per 100 pounds of good grane cows, less 
transportation and commission costs, by 1,100 pounds. FigUring one 
calf retained for replacement for each eight cows and assuming 1 bull 
for 20 cows," the value of bulls and replacement stock per cow was 
•• French and Chryst, op. cit. 
70 Ibid. 
71 Trowbridge, E. A. and A. J. Dyer. Good pasture and good roughage in 
fattening cattle. 1\10. Agr. Exp. Sta. Bul. 466. 1943 . 
.. See Sailee, G.. G. Pond and C. Crickman. Farm organization for beef 
cattle production in Southwestern 1\Iinnesota. 1\Ilnn. Agr. Exp. Sta. Tech. 
Bul. 138. 1939. 
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computed at 13.3 percent of the value of the cow. Interest on invest-
ment In cattIe was calculated at 6 percent. Taxes and insurance per 
cow were computed at 1.5 percent of the livestock investment. The in-
vestment in building and equipment per beef cow was estimated at 
$125 for 1948, based on current costs of building materials and labor 
and adjusted by the index of building costs for other years. Interest 
on investment in buildings and equipment was figured at 4 percent; 
depreciation was figured at 3 percent. 
Miscellaneous cash expenses (including veterinary, salt, supplies, 
etc.) per cow were estimated at 47 cents for 1948.73 This figure was 
adjusted by the index of prices paid by farmers for equipment and 
supplies for previous years. The cost of tractor and horse power was 
estimated at $1.447< per cow in 1948. This was adjusted by the index 
of prices paid for farm machinery for other years. 
Days of labor per cow were estimated at 1.2 days per year for the 
beef cows and .3 day per cow for replacement stock and bull, making 
a total of 1.5 days labor annually per beef cow. The value of labor was 
calculated on the basis of the annual daily wage rate, without board. 
Feed requirements per cow, including replacement stock and bull, 
were estimated at 6.7 bushels of corn, 1.15 tons hay, and 1.8 acres pas-
ture.'" The values of these feeds were computed on the basis of the 
average price of corn the preceding October, the Iowa average price 
of alfalfa hay the preceding November, and the current annual pasture 
charge. Gross product per cow from the beef herd included 150 pounds 
of beef from cull cows (on the basis of a 90 percent calf crop and 
replacement every 8 years) and 310 pounds of feeder calves sold per 
cow annually. The 150 pounds of beef from cull cows wa:o evaluated 
on the basis of the annual average price of good cows at Chicago, less 
freight and commission costs. The value of the feeder calves was based 
on the October price for good'choice calves at Chicago, less transpor-
tation and commission costs. 
Costs per cow under beef system b included the costs of maintain-
ing the beef herd and the costs of raising the calves to finished cattle. 
Costs for maintaining the herd were identical with system a in all 
respects except that annual costs for a particular year were based on 
prices in the second preceding year. Costs of raising the calves for 
sale as finished cattle were calculated on the basis of prices in each 
of the 3 years covered by the production process. Thus the cost and 
returns figures for a particular year represent costs incu!'red over a 
3-year period and returns in the year of sale. Taxes, insu ranee and 
miscellaneous costs were calculated at the same rates as used for the 
ot.her feeder systems. Total feed requirements per feeder were estimated 
at 18.75 bushes of corn, 2.16 tons hay, 1.88 acres of pasture, and 105 
pounds of protein supplement"· Assuming a 90 percent calf crop, 3 
percent death loss, and one-eighth of the calf crop retained for replace-
ments, only .775 head of finished cattle were marketed per beef cow. 
Labor requirements per cow, in addition to those required for main-
tenance of the herd, were estimated as 77.5 percent of the above figures. 
Labor requirements per cow, in addition to those required for main· 
tenance of the herd were estimated at 1.8 days. Building and equip-
ment investments per cow were estimated at $115 for 1918 and ad-
73 Ibid . 
.. Ibid. 
7. See Hopkins, J .. 'V. Goodsell and R. Buck. An economic study of the 
babY beef enterprise In southern Iowa, Iowa Agr. Exp. Sta. Res, BuI. 272. 
1940 . 
•• See Trowbridge and Dyer, op. cit. 
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TABI,E B4. ESTIMATED FEED, LABOR AND POWER REQUIREMF.NTS PER 
PIG FOR SPECIFIC HOG FEEDI~G SYSTEMS. 
Hog feeding systpm 
Item Iowa Drylot, System II ~ Pasture, Sy.tem III· 
_________ -S-a;-:-~-~-e-i-I--(-a-)-1 (b) (0) (a) (b) (e) 
Corn, busheL .. ____ . __ ._ .. _. 13.5 10.8 9.8 9.3 13.4 11.8 10.2 
Soybean oilme .. !... _____ .. __ .39 .91 .91 .92 
Tankage._. _____ .•.•. _______ • __ ... 
Hay, tons _____ .. _________ .. __ __ 
Pasture, ncreS4 ... _ .. ' .. ' __ ... Labor, days ________ . ________ __ 
Tractor & horse powerc 
.00·1 
.59 
$1.33 
.59 
$1.33 
.035 .077 
.65 
$1.46 
.70 
$1.58 
"Based on unpublished data from low .. capacity studies, 1945. 
~See Ellis, V.R. et aI., op. cit. 
.83 
.59 
S1.3a 
'Ba.ed on unpublished data from Iowa Agr. Exp. St ... PrQject 101. 
.45 
.036 
.65 
$2.09 
.42 
.022 
.70 
$1.80 
jus ted for previous years by the index of building costs. Returns per 
cow were calculated on the basis of 921 pounds of (1189 X .775) good 
grade cattle sold in October. 
COSTS AND RETURNS FOR HOG FEEDING SYSTEMS 
Seven systems of feeding swine were considered. Input require-
ments for one of these, system I, were based on the 1945 Iowa Capacity 
Studies." Systems Ila, lIb and lIe are representative of systems fol-
lowed in an experiment conducted at the Beltsville Experiment Station 
by the U.S.D.A"· Hogs fed under system lIa received no forage; hogs 
fed under system lIb received 10 percent of their feed in the form of 
chopped legume hay; those fed according to system lIe obtained 20 
percent of their feed as chopped legume hay. All three groups were 
fed in drylot. Systems lIla, llIb and llIc were adapted from pasture 
studies carried out at the Iowa Agricultural Experiment Station"" 
Each of these three systems (a, b and c) used a different proportion 
of forage (pasture) in the ration. Hogs fed according to system a re-
ceived no pasture; those following system b were fed grain equal to 
3 percent of their body weight While on good pasture; and those fol-
lowing system c were limited to grain equal to 1 percent of their body 
weight while OIl pasture. 
Costs for all seven systems were considered to be the same except 
with respect to feed, labor, and tractor and horse power costs. Mis-
cellaneous costs, including insurance, taxes, veterinary, and other 
miscellaneous supplies, were estimated at $1.45 per pig for 1948. This 
was adjusted by the index of prices paid by farmers for supplies for 
other years. Investment pel' pig in buildings and equipment was esti· 
mated to be $8.17 for 1948 on the basis of building material and labor 
costs for providing the minimum buildings and equipment under Corn 
Belt conditions. Annual buildings and equipment costs were figured at 
77 From unpublished data. Iowa capacity studies. 1945 • 
• s Ellis, N., J. Zeller and J. King. The value of ground legume hays In 
the rations of fall pigs. U.S.D.A., Agr. Res. Adm. AHD 60. 1943. (Mimeo.) • 
•• From unpublished data from Iowa Agl'. Exp. Sta. project 101. 
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$1.00 per pig for 1948 and adjusted by the index of building costs for 
other years. 
The annual investment in breeding stock per pig was calculated 
by multiplying 250 pounds (the average weight of the brood sow) by 
the average price of hogs in the preceding October and dividing the 
product by 6 (the assumed number of pigs saved per litter). The in-
terest on investment in breeding stock per pig was calculated at the 
rate of 6 percent per year and adjusted to a 9-month basis--the length 
of time the sow would normally be kept. No depreciation was assumed 
on the breeding stock. Estimates of the days of labor and quantities 
of feed required per pig are given in table B4. The value of labor was 
calculated by multiplying the days of labor required per pig by the 
Iowa annual average daily wage rate (without board). Corn was 
evaluated on the basis of the price of corn the preceding October. The 
value of hay required was figured on the basis of the avprage Iowa 
price of alfalfa hay the preceding November. The value of protein 
supplement was based on the price of soybean oilmeal the previous 
December. 
The hogs in each of the systems were considered sold at a weight 
of 225 pounds. Gross returns per pig from each feeding system were 
calculated by multiplying the average Iowa price of butcher hogs in 
the month of sale by 225 pounds. The hogs fed according to systems 
lIa, lIb, lIe and IlIa were considered sold in September; those fed 
according to systems I and lIIb were treated as sold in October; and 
those fed according to system lIIc were considered sold in November. 
